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INTRODUCTION 


PRESENT day agriculture demands economy in 
production and effectiveness in marketing. Com- 
petition among vegetable growers and among veget- 
able growing districts has never been so keen as it is 
now. The prospect for very high prices in the near 
future does not seem bright. Most crops are now 
grown out-doors in some region at practically every 
season, and transportation has improved so decidedly 
that no group of growers can be said to have a 
monopoly of the market. On the other hand, con- 
sumption has increased to an almost unbelievable 
extent. 

The rigor of competition and the adoption of 
cost accounting are helping to eliminate the man who 
produces at a loss. This tends to allow the plane of 
average price to rise to levels that will permit fair 
profits over a period of years for the man who 
makes a business enterprise of his crop growing. 
For such a grower the prospects have never been 
better. 

In order to survive modern competition, a grower 
must have a thorough knowledge of the plant, its 
adaptation and its responses to conditions and treat- 
ments, as well as a thorough understanding of the 
economic factors that surround the production and 
marketing of the crop. It is hoped that this book 
may in some small degree help growers to such 
knowledge and understanding. 
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Some readers seek dogmatic statement and definite 
advice. Where the facts seem to justify general 
statements, the attempt has been made to state these 
clearly. Where information is not so consistent, the 
trend has been indicated as nearly as possible. How- 
ever, the conditions of tomato production are diverse, 
embracing the widest possible range of climates, 
soils, and markets. What is true in one place may 
not be true in another. Practical plans must fit 
local circumstances and personal notions. There are 
many questions which it is impossible for a writer 
or adviser to decide for the grower. The aim of 
this book has been rather to take up each of the 
elements that may enter into a program, to discuss 
the principles and merits of the different possibilities, 
to give examples of some of the working plans that 
are used in different sections, and then to leave the 
reader to build his own plan. The person who thus 
studies will not be thwarted by a sudden shift of 
weather or market, but will have at hand the neces- 
sary facts and ideas to speedily adjust his plan to 
changed conditions. 
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CHAPTER I 
THE TOMATO AS HUMAN FOOD 
HIsToORICAL 


Tue history of the tomato as a vegetable—as a 
food for man—is summarized in its American origin 
and its recent development. 

Origin. There is no evidence of the presence of 
the tomato in Europe before-the discovery of Amer- 
ica. We have no actual record of its introduction to 
Europe but early names refer to Peru and to Mex- 
ico. The earliest mention of the plant by continental 
botanists appears in the herbal of Matthiolus (1554) 
who says it had but recently appeared in Italy. It 
was there called “pomi d’oro.” Gerarde, another 
herbalist, had it in his garden in England in 1596. 
He says that these “love apples” are eaten abroad, 
prepared and boiled with pepper, salt and oil, also as 
a sauce, but “they yield very little nourishment to 
the bodie and the same naught and corrupt”—quite 
a far cry from the present high esteem in which the 
tomato is held. 

The word “tomato.” Will W. Tracy@®*, in 
his admirable little treatise, tells us that the word 
tomato is derived from the Aztec “xitomate” or 
“xitotomate” and the term appears to have been first 
used by Sloan in 1695. Various forms of “love 


*Small figures refer to reference list, pp. — —. 
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apple” and “gold apple” were in general use up to 
that time. Even now the word is variously pro- 
nounced, to-may’-to, to-mah’-to and to-mat’-to. 
Webster prefers the first, while the latter two are 
chiefly affected in the northeastern part of the 
country.* 


Early food use. The Italians were apparently 
the first to recognize the food value of the tomato, 
and it was extensively grown in their country long 
before it had become more than a curiosity in Eng- 
land and America. McMahon, a garden writer of 
Philadelphia, praised its use as early as 1806, and 
Thorburn in 1812 gave directions for its culture. 
It was not until about 1830, however, that prejudice 
was overcome sufficiently to give it a place on our 
markets, for, as recently as a hundred years ago, it 
was thought to be poisonous. From about 1830 on, 
its growth in popularity has been phenomenal. 


Wild forms. Botanists record the presence of 
wild plants of Lycopersicon cerasiforme, the cherry 
tomato, in South America and as far North as Cali- 
fornia and Texas, and many regard this as the 
primitive form. According to Tracy, there is, how- 
ever, in western South America, a wild plant of this 


*The equipment of the word tomato in some of the foreign 
languages is given below: 


French—tomate, pomme d’amour. Spanish—tomate. 
Italian—pomo d’oro. Polish—pomidor. 
German—tomate, liebesapfel. Dutch—tomaat. 
Scandinavian—tomat. Portuguese—tomate. 
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genus that is much more similar to our cultivated 
Lycopersicon esculentum,* and which bears a closer 
resemblance to the old European prints. Hence, he 
believes that this has had a part, at least, in the de- 
velopment of the modern form. Such problems are 
hard to solve definitely for we cannot say which 
wild forms are primitive and which may be escapes 
from cultivation.; 


Ways oF USING 


The tomato has thoroughly established itself as a 
standard article of food and is now available in all 
forms throughout the year. It commends itself to 
the housewife because it may be used in a wide 
variety of ways. It vies with lettuce as the leading 
salad vegetable ; it is commonly served in its simplest 
cooked form, namely, stewed or turned hot from 
the can, and it is one of the favorite ingredients for 
soups of many sorts, It is baked, fried, either ripe or 
partly green, stuffed, escalloped, or it may be used in 
a variety of other dishes which combine it with 
spaghetti, cheese, or other foods. 

Condiments. The tomato is the basis of our 
most widely used condiments, ketchup (or is it 


¢For fuller discussion of origin and history see reference 
list, numbers 20 and 28. The latter work contains an ex- 
tensive bibliography. : 

*L. H. Bailey, in his Manual of Cultivated Plants, gives 
the scientific name as Lycopersicon esculentum, Miller. See 
this work, page 656, for botanical arrangement and descrip- 
tion of genus. Lyco, wolf; persicon, peach; esculentum, 
edible. 
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catsup?) and chili sauce. The skilful preserver 
knows how to make delicious relishes and “pic- 
calilly” or “chow-chow” from the immature fruits. 

Canning. The tomato, by reason of its natural 
acidity, is readily sterilized and so can be preserved 
easily in glass or tin. It ranks among the “big three” 
canned vegetables; the other two being corn and 
peas. By far the great bulk that goes to the factory 
is put up with the addition of nothing more than 
salt. In addition to the condiments, puree and paste 
are manufactured in commercial quantities. The 
Italians dry tomatoes extensively in the sun, slicing 
the fruits, and later flavoring them to taste for vari- 
ous winter uses. 

Standards. The U. S. Department of Agricul- 
ture@”, has established definite standards for im- 
portant canned products. The No. 3 can, holding 
about a quart, is expected to carry 33 ounces net 
and water is not to be added beyond the natural con- 
tent of the fruit. There are three grades of puree, 
ranging from 6.3 per cent to 12 per cent tomato 
solids, Paste calls for 20 per cent tomato solids and 
concentrated paste for 30 per cent. The latter is of 
the consistency of heavy apple butter and requires 
concentration until seven to ten parts are reduced 
to one. Ketchup is “a clean, sound product made 
from properly prepared, strained tomatoes, with 
spices, salt, sugar .and vinegar, with or without 
onions or garlic, and containing not less than 12 per 
cent tomato solids.” Chili sauce is similar, but the 
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pulp is not strained and the percentage of solids is 
not fixed. The use of preservatives and artificial col- 
oring is not permitted in most states, and scrupulous 
manufacturers are not tempted as these aids are 
necessary only when inferior raw products are used. 


Foop VALUE 


During the past ten years the tomato has been as 
highly praised for its food value as any single prod- 
uct with the possible exception of milk. The fol- 
lowing table gives analysis figures from Atwater 
and Woods (U.S. D. A.) @®, 


Z ; o¥ 
Ae) sa 
Sa Se Yea 
B.S yo = © 
oo Ge as 
asa ou o =o: 
BS Peel ae a Fikes 
35 u ae | 2 Bi mo 
Zs Essen ere et a oy 
Fresh 27 0.4% | 3.9% | 0.6% | 0.5% | 104 cal 
Canned 19 0.2 4.0 0.5 0.6 103 
tied 8.1 62.3 2 9.4 1695 


It is apparent that the tomato cannot be regarded 
as an outstanding source of protein or of energy- 
food. It consists chiefly of water. Nor does its iron 
content rank very high. The acid is chiefly malic 
(0.48), though citric acid is present (0.09% ), along 
with a small amount of oxalic acid (0.01%) @®. 

Vitamins. The high praise which the tomato 
calls forth from nutrition experts rests largely upon 
the content of those mysterious substances that have 
been named vitamins and upon the food value as 
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demonstrated in actual practice. H. C. Sherman@®) 
summarizes the information as to vitamin content 
of foods in a table using a single plus mark to de- 
note the presence, two marks a good source, and 
three marks an excellent source. The tomato rating 
is as follows: ; 


Vitamin B, ea 
Vitamin A, anti-beri-beri Vitamin C, 
anti-rachitic* anti-neuritic anti-scurvy 


Rawtcsccbot) oe 4 eee ene 
Cooked .. + + ar hea ae Bar 
Canned .. + + cS ea Kn 
Dried .... + + +++ + + 


Spinach is the only food in Sherman’s list which 
surpasses the tomato by showing nine marks. The 
fact that the activity of the tomato vitamins is prac- 
tically unchanged on cooking or canning is of prime 
importance. The price of tomatoes is low and some- 
one has called this fruit the “poor man’s orange.” 


In content of vitamin A the tomato ranks with 
lettuce, below spinach, and above cabbage. For 
vitamin B it is twice as rich as turnip or onion and 
half as rich as yeast (all considered on a dry weight 
basis). It ranks with orange and lemon juice for 
vitamin C, which is found in fewer sources than the 
others. 

Nutrition specialists give great weight to the value 
of “appetizers” in the diet, and in this connection the 
tomato is accorded a high place. 


*Anti-rickets. 
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POPULARITY 


After all the theories have been advanced and 
after all evidence has been brought in, the final ver- 
dict regarding the use of a product rests with the 
housewife and she is keenly sensitive to the likes 
and dislikes of her family. The attractive color, the 
delicate acidity, the tasty flavor, the refreshing 
juiciness, and the ability to gently jog the appetite 
all make the tomato more popular than any other 
vegetable except the staple crops, sweet and Irish 
potatoes. The low cost, now extending to all seasons 
of the year, makes tomatoes available, fresh or pre- 
served, on practically every table. 


CHAPTER II 
THE TOMATO AS A CROP PLANT 


Tuer tomato possesses qualities which make it a 
great crop plant. In addition to the characteristics 
which establish its popularity with the consumer, it 
is adapted to many soils and climates, and it is easy 
of culture. It is found in every home garden and a 
few plants will yield enough fruits for the home 
table. It is popular with general farmers because it 
is a cash crop. On the other hand, the tomato is very 
perishable, is easily damaged, and in harvesting 
many pickings are necessary. While, with economical 
production methods, good yields give satisfactory 
profits, the costs are heavy as compared with the 
staple farm crops and it is necessary to perform 
more operations and to give attention to a larger 
number of factors than with most general farm 
products. 


THE Future 


As shown in Table I, the tomato is established as 
a fifty or sixty million dollar crop in this country. 
No very marked general increase in production has 
been displayed over a period of years and it may 
be safely assumed that a reasonable balance between 
consumptive demand and production has been 
reached. The general increase in the consumption 
of vegetable food and the expected increase in popu- 
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lation will insure a gradual rise in the quantity of 
tomatoes grown, but no such spectacular progress, as 
has been recently recorded with lettuce, celery and 
asparagus, is to be expected. 


CoMMERCIAL IMPORTANCE 


The tomato ranks third among the vegetable crops 
in acreage and in value of the product. It is exceeded 
only by Irish and sweet potatoes. Peas and sweet 
corn and early truck crop potatoes are its nearest 
rivals in acreage and the early potato is its only 
close competitor for value. The average figure for 
the years 1922-24 is around $54,000,000, and the 
acreage is about 408,000.%® The acreage fluctuates 
more widely than the value, prices and yields tend- 
ing to equalize each other. For the year 1921 only 
about half the usual acreage and value of crop are 
reported. 

The figures just given are concerned only with 
the crop as grown for cannery and for shipment. 
The tomato is planted for local market almost uni- 
versally throughout the country and no way has 
been devised thus far to keep record of this produc- 
tion. The 1919 Census report might be consulted 
for a clue as to the proportion thus omitted from 
annual summaries. However, the census enumer- 
ators recorded but 316,000 acres of tomatoes grown 
for sale in 1919, while the U. S. D. A. Year Book 
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TABLE I 
THE TOMATO CROP IN THE UNITED STATES 
Taste StTocK FoR SHIPMENT No. 


Price Total 
Yield ae value 
Year Acreage per acre Production bushe! 
1921.. 72,280A. 10,541,000 bu. " $18, 559,000 
1922.. 116,500 148 bu. 17,187,000 $2.06 35, 482, 000 
1923.. 118,380 147 17,377,000 2.36 41 ‘086, 000 ; 
1924.. 156,780 120 18,740,000 1.95 36,571,000 
For CANNING OR MANUFACTURE 
1921.. 87,730 A. 429,100T. perT. 4,985,000 
1922.. 228,920 See 1, 176, 800 $12.59 44, 811 ‘000 
1923.. 291,510 4.2 1 236, 600 13.40 16, 576, 000 
1924.. 313,080 3.8 1,194,200 {53 18,070,000 
Ten LEADING CANNING ee In 1924 
States Acreage Production Price 
Indiana .. 74,600 A. 254,000 T. 3.4 T oo A. $12.41 per T. 
California. 26,760 153,000 ws 16.84 
Maryland. 41,580 137,000 303 19.50 
New Jersey 29,000 102,000 35 20.36 
Ohiow se 5,200 82,000 5.4 157, 
New York 12,280 79,000: 6.4 16.08 
Missouri . 26,310 66,000 25 13.05 
Delaware. 17,190 52,000 3.0 18.30 
Virginia . 13,150 45,000 3.4 16.22 
Arkansas. 10, 610 31,000 2.9 12.50 


Leaders, 1923: Maryland, Indiana, California, New Jersey, 
Delaware, Ohio, Virginia, New York, Missouri and Utah. 
Ten Leapinc SHIPPING STATES IN 1924 


Florida... 50,070 3,455,000 bu. 69bu.per A. $2.69 per bu. 
Ohio ....- 10,970 2,201,000 200 1.34 


New Jersey 11,340 1,936,000 171 1.92 
California 12,420 1,622,000 131 2.36 
Mississippi 13,780 1,516,000 110 1.60 
Indiana .. 8,290 1,094,000 132 1.31 
Maryland.. 7,340 918,000 125 2.07 
Tilinois .. 4,310 875,000 203 2.65 
Texas ... 9,540 868,000 Oba 2.28 
New York 3 070 866,000 282 1.08 


Leaders, 1923: Florida, California, New Jersey, Missis- 
sippi, Maryland, Ohio, New York, Indiana, Texas and Dela- 
ware. Compiled from U.S. Dept. of Agr. reporis. 


TOMATO PRODUCTION 19 


aaa 


SOUTHERN FLORID. 


i 


a 
a 
ra) 
ie) 
c 
i 


rae 
MISSISSIPPI 
E. TEXAS 
EORGIA 
ae 
CALIFORNIA 
paater i 
TENNESSEE 
KANSAS 
: ILLINOIS 
INDIANA 
OREGON 
WASHINGTON 


TOMATO SHIPPING SEASONS BY STATES. 
(From U. S. Dept. of Agr.) 


20 TOMATO PRODUCTION 


figures for shipments and cannery for the same 
season aggregate 375,000 acres. 

During the years 1922-24 the acreage of tomatoes 
for shipment was not far from a third of the total 
recorded, but the value was a little over two-thirds . 
of the total. The average yield for the whole crop 
was only about 4.1 tons an acre, and the average 
price was a little less than $32 per ton. The aver- 
age price at the cannery was $13.71 and for shipment 
$75.68 per ton, estimating a bushel at 56 pounds. 

The tomato is one of the three leading greenhouse 
vegetable crops. The high quality of the indoor- 
grown tomato, along with the difficulty of marketing 
outdoor tomatoes so as to offer high quality at dis- 
tant consuming centers, would suggest that this crop 
may be the greenhouse leader of the future, now that 
hot-house lettuce faces such keen competition from 
the West and South. 

The tomato is the leading canned vegetable. Ac- 
cording to Bitting, the canning experiment was first 
tried with this crop by H. W. Christy, of James- 
burg, N. J., in 1847. The business is very wide- 
spread because the crop is widely grown and be- 
cause the packing enterprise does not require very 
heavy investment of capital or equipment. There are 
some factories housed in sheds and boasting only 
the most meagre facilities. Processing is easy and 
losses by spoilage are not heavy. On the other hand, 
the business is keenly competitive and rather highly 
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speculative, and large, well-equipped factories with 
ample financial resources have a decided advantage, 
which will be more evident as time goes on. The 
annual pack varies through a wide range—from four 
to nearly sixteen million cases (24 No. 3 cans) per 
year, and prices fluctuate correspondingly. 


THe TomMaTo AND Its SuRROUNDINGS 


The tomato is one of the most sensitive plants, 
and yet one of the most tolerant; one of the most 
readily influenced in its behavior by its environment 
and yet one that thrives under a wide range of con- 
ditions. Its habit is indeterminate, that is, each 
branch may grow as long as the resources of the 
plant will permit. A plant in a Cornell greenhouse 
reached a length of over forty feet, growing actively 
for a year and a half. In the tropics it is perennial. 
If one of the factors essential to growth is cut off, 
the plant may rest for some time in a state of in- 
activity, only to begin again when the deficient factor 
is restored. Fig. 8 in Cornell Memoir 75 shows 
how a plant was thus checked and renewed through 
shortage and later supply of nitrogen. The condi- 
tions of the field profoundly influence the growth of 
vine and the yield and quality of crop. 


RoTATION 


Formal rotation systems are not prevalent on vege- 
table farms, but a large share of the tomato crop is 
grown on general farms as a part of a complex 
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enterprise. Certain considerations, however, must 
guide the succession of crops even though the plan 
be flexible or even lacking. In “Tri-state territory,” 
(New Jersey, Maryland and Delaware), wheat, 
clover, corn and tomatoes are a common arrange- 
ment. This plan works well, provided green crops - 
are used to maintain humus in the lighter soils. 
Wheat is said by McCue@”) to do especially well 
after tomatoes; in fact, it is generally recognized 
that tomatoes leave the soil in very fine tilth. On 
the other hand, Rosa“) cautions against following 
corn with tomatoes on account of the greater prev- 
alence of fruit worms. 

It is agreed that sod land is good for tomatoes and 
it is so much the better if the sod is top-dressed with 
manure. The manure should be plowed down in the 
fall to allow time for decomposition and also to 
reduce the danger from cut worms which are likely 
to be worse on such land. Some growers think there 
is special advantage in planting a tilled crop after 
sod and before tomatoes. 

Whatever the plan of rotation, care must be ex- 
ercised to avoid diseased land, especially where 
fusarium wilt prevails. 

Crops. While little is known about the effect of 
preceding crops on tomatoes or of tomatoes on suc- 
ceeding crops, there is reason to believe that yields 
are likely to decline if this crop is grown year after 
year on the same ground. Rosa“® thinks this may 
be one of the reasons for declining yields in Cali- 
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fornia. A correspondent in a British trade paper ex- 
presses the same thought about reduced yields in the 
great Lea Valley hothouse district. H. C. Thomp- 
son had occasion to observe a planting of tomatoes 
at the Long Island Vegetable Research Farm, part 
of which was on cabbage ground, and part followed 
tomatoes. The part following cabbage was decidedly 
superior, all other conditions being alike so far as 
could be determined, and the line between the two 
blocks was very clearly cut. 

The vines remaining after the tomato crop is har- 
vested are by no means negligible for humus and 
plant food. Patterson“ states that 9,000 pounds of 
roots and stubble are left, about four times as much 
as after cow-peas, wheat or potatoes. 

Intercropping. Companion cropping is not com- 
mon with tomatoes, but an early crop can be grown 
where the season is long. In New Jersey, peas are 
sometimes planted in advance, and a crop of tomatoes 
may be harvested between rows of the young straw- 
berry bed. In such cases tomatoes are set 3 x 5 feet. 
Tomatoes often follow spinach in California. 


Sort ADAPTATION 


Kinds of Soil. The tomato thrives in soils from 
light sands to fairly heavy clays. In Florida, it grows 
on coral soils that appear too poor to produce any 
useful crop. In canning sections, it is sometimes 
grown on clays and clay loams, though the lighter 
types of general farm soils are preferred—loams 
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and sandy loams with good water-holding capacity. 
For the early crop, the lighter soils are in demand. 
These preferences depend largely upon economic 
factors. Sandy soils drain readily and yield early 
crops, but the picking season is short, yields are 
seldom heavy, maintenance of fertility is costly and 
drouth presents a real problem, On the other hand, 
cannery tomatoes can be grown more cheaply on 
moderately heavy soil types, where moisture and 
fertility are retained and where yields are heavier. 
Indiana seems to have the advantage over the coastal 
states in growing cannery tomatoes, possibly, in 
part, for this reason. 

Lime Relations. The Rhode Island Station 
ranks the tomato with the plants which are not bene- 
fitted by liming when grown in an acid soil. Other 
stations support this finding. Cornell experiments 
in Chautauqua County) showed a definite decrease 
in yield where two tons per acre of ground lime- 
stone was applied in each of the three years of the 
test. One ton per acre showed no advantage; in fact, 
the yield was decreased, though not sufficiently to be 
beyond the limits of experimental error. 

Ohio® has found limestone profitable for to- 
matoes on green-manured land when used in addi- 
tion to 16 tons of manure, but it has not been profit- 
able when used in addition to 610 pounds of a 4-10-4 
fertilizer. ‘ 

Besides the direct effect of acidity and alkalinity 
and of liming upon the tomato plant, the usefulness 
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of lime in favoring manurial crops and in improving 
the physical condition of the soil must be borne in 
mind. It is apparent that lime might have a directly 
detrimental effect when applied in heavy amounts 
to tomatoes on three successive years, as suggested in 
the New York experiments, though it might still be 
desirable when used in a rotation that includes to- 
matoes every three or four years. The favorable re- 
sults in Ohio may be traceable largely to the as- 
sistance of lime in rendering available the plant food 
of the manure, and to its value for the cover crops 
which were grown every year and which would re- 
act upon the tomato crop. 

Moisture. Tomatoes will not grow well in a 
poorly drained soil; on the other hand, the demand 
for moisture is insistent if good yields are to be 
realized. Plants which made good growth in boxes 
in the greenhouse used from five to eight hundred 
pounds of water per pound of dry matter pro- 
duced. 

CLIMATE 

The tomato is a warm-season crop. While well- 
hardened plants will sometimes escape definite dam- 
age under a very light frost, the crop is not tolerant 
of cold, cloudy weather even with the temperature 
above freezing. A check in growth received in this 
way frequently serves to cripple the plant beyond 
the possibility of full recovery. The fruit ripens 
best for yield, color, and quality when the weather is 
warm and sunny. 
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Fruit will ripen on well-grown plants in as little 
as four or five weeks from setting in the field. The 
canning crop is not ordinarily profitable in regions 
where the period between the average dates of last 
killing frost in spring and first killing frost in fall 
is less than 150 to 160 days. . 


LicgHT 


Garner and Allard@® have studied the effect of 
length of day upon the behavior of plants of many 
kinds, though the tomato was not included. They 
state in general that seed production takes place only 
when the plants are exposed to a favorable length of 
day. A different length of day may favor excessive 
development of leaf and stem, while a still different 
length may favor a balance between seed produc- 
tion and vegetation which may tend toward an“ever- 
bearing” type of fruiting. 

Gourley and Nightingale@®) at New Hampshire 
subjected tomato plants to shading under cloth and 
found that leaf areas were increased, stems elongated 
and weakened, flowering delayed and reduced, and 
root development depressed. 

Nightingale¢® later grew tomato plants under 
light-exposures of seven and fourteen hours. The 
short day plants “were very vegetative, with succu- 
lent stems, relatively small, dark green leaves, small 
blossoms, but no fruit.” 

Greenhouse men find it very difficult to get a good 
set of fruit in the winter and the crop in the South 
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is subject to the same limitations at that season. 
Experiments have not established just what length 
of day is necessary for a good set of fruit, but it is 
entirely possible that this is the limiting factor. Here 
is a promising field for study, though the prospect 
of finding practical means of lengthening the day is 
not very encouraging. Some experimenters have 
tested the use of electric lights with marked increase 
in growth, but also with high cost. 


CHAPTER III 
PLANT GROWING 


IMPORTANCE OF EARLINESS 


Tue tomato is a crop that anyone can grow at least 
after a fashion. It is popular with the general 
farmer as well as with the market gardener and with 
the specialized truck-grower. During the height of 
the season the little flivver that brings a few dozen 
eggs and a bushel of wind-fall apples also carries a 
couple of baskets of tomatoes. Moreover, anyone 
who plants a home garden, plants tomatoes. Hence, 
at mid-season the market is usually over-supplied 
by those who do not count costs and who are eager 
to realize a wee bit of real cash without much re- 
gard for the true value of the thing they sell. The 
man who makes a dollars-and-cents business of to- 
mato production must make his “killing” before the 
market breaks. This ordinarily means that he must 
be on the market early and with a large supply if his 
venture is to be a real success. 

Earliness is no less a factor in the production of 
tomatoes for cannery. No matter where we go, we 
find many planters losing a part of their crop by 
frost. In Delaware or Missouri, it is the fellow who 
uses field-grown plants instead of frame plants, and 
in New York or Michigan it is the fellow who buys 
second-run, or other low quality ‘plants, after the 
needs of the foresighted ones have been met. 

28 
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The character of the plants set in the field is, next 
to variety and strain, the most important factor in 
determining earliness of maturity and completeness 
of ripening before frost. This depends not only 
upon the dates of sowing and transplanting, but 
upon expert management of all the other details of 
plant growing. In other words, plant growing is a 
game of skill. It calls for keen observation, constant 
and faithful attention to small details, and a high 
order of workmanship in the various operations. 
Furthermore, when a considerable number of plants 
are to be grown, it calls for good organization and 
rapid work if costs are not to be unduly increased. 
A transplanter who makes three motions where two 
will suffice is likely to turn profit into loss, for the 
loss of a second when repeated thousand of times 
makes many hours. 

Open-Bep PLANT GROWING 

Where the season is long, plants can be grown in 
open beds. This method is inexpensive, but growth 
and hardening are not as well controlled as where 
cover is available. The soil should be of fine physical 
character, full of humus and plant food, and free from 
nematodes and disease, particularly fusarium wilt. 
If the soil is not clean, it should be sterilized. Humus 
is necessary to render the moisture content fairly 
even and, if it is low, well-rotted manure added in 
liberal amounts the previous fall will be of great 
benefit. Raw manure added late tends toward uneven 
development of plants. With manure, acid phos- 
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phate may be sufficient for plant food. Otherwise, 
one-half to one ton per acre of a complete fertilizer 
is recommended. 

Plants will be ready in from six to eight weeks, 
and seed may be sowed a week or two after the 
average date of last killing frost. (Ask your County 
Agent or Weather Bureau official if you do not know 
this date). Seed is usually drilled in rows twelve to 
fifteen inches apart, sowing thinly and covering half 
an inch deep. For the best plants, six to twelve 
seeds per foot are enough (Indiana recommenda- 
tion), but five per inch is not unusual (Mary- 
land®), This is a question of character of plants 
versus economy. Ballard and Radebaugh™ in Mary- 
land planted at the rate of an ounce of seed for 
plants to set an acre in the field. They pulled 950,- 
ooo plants from a seed bed of three-quarters of an 
acre with rows twelve inches apart. A million plants 
per acre is commonly expected, or 40,000 plants per 
pound of seed. 

Maryland growers under the leadership of Ballard 
and Radebaugh have had splendid success in grow- 
ing plants in co-operative seed beds, and this prac- 
tice seems to be gaining favor. 

Growinc PLants For Earry Crop 

Plants for the early crop are grown under about 
as many different plans as there are growers. As 
each plan is made up of many practices, it is less 
confusing to consider single elements in the process 
and then consider programs instead of trying to de- 
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termine the merits of a particular system. This pro- 
cedure permits the ready shaping of a scheme that 
will suit the man and his own local conditions. 

The Ideal. The grower who is producing to- 
matoes for first-early market wants a plant that will 
withstand the rigors of transplanting and of in- 
clement weather which may follow, that will start 
immediately into growth, and that will mature fruit 
in good quantity at the earliest possible date. This 
usually means a plant about ten inches tall, with 
heavy, firm, dark-colored stem (though not over- 
hardened, a heavy body of dark, healthy foliage, 
and a cluster of blossoms, with possibly a fruit or 
two already set. If the buds in the axils of the leaves 
have begun growth, no harm will be done. Some 
growers are doubtful whether it is well to have fruit 
set on plants when they are transplanted in the field, 
as they claim that the little tomatoes are often lost 
and in any case the progress of the plant is retarded. 
Such plants must be handled with great skill. If 
they are severely checked when taken to the field, 
other and less advanced plants may do as well. There 
is danger in having plants too far advanced, and 
an unexpected delay in field setting may result in 
spindling and over-hardening that may prove dis- 
astrous. A vigorous and properly hardened plant 
that is younger will do better under such circum- 
stances. Some growers protect themselves by hav- 
ing plants of more than one sort. See Plate I. 

The ideal for main-crop or cannery tomatoes calls 


32 TOMATO PRODUCTION 


for just as good plants as are justified on comparison 
of costs and increased yields in the light of prevail- 
ing prices. 

Equipment. Tomato plants are grown under all 
sorts of protection, ranging from muslin-covered 
frames, sash-covered cold-frames and hotbeds, and 
sash greenhouses, to the best of forcing structures. 
Hotbeds are heated by manure, by hot water or 
steam pipes, and by flues, and the same methods are 
available for small houses. The increasing scarcity 
of manure has focused attention upon the other 
methods of heating. C. H. Nissley, of the New 
Jersey Extension Division (New Brunswick), has 
prepared detailed blue-prints which will be helpful 
and which may be secured at nominal cost. A num- 
ber of other bulletins show plans. 

Sash frames require additional cover on cold 
nights. Many gardeners use straw mats, either 
woven or built with wooden frames. Others use 
coarse manure, straw or marsh hay. The last men- 
tioned method is about the only really practical plan 
where large areas are involved and where costs 
must be kept at a minimum. 

The Campbell Soup Company grows millions of 
tomato plants for its patrons and methods have been 
well studied. One conclusion is that the ordinary 
hotbed gives more heat to the plants in the middle 
than to those at the outside. Hence, the bed is dug 
deeper at the sides and so the varying quantity of 
manure equalizes this tendency. 
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Beds, Flats and Pots. The use of flats or plant 
boxes in plant-growing offers a number of advan- 
tages as compared with planting in the bed. Trans- 
planting can be done at benches under conditions of 
comfort and convenience which make for efficiency. 
Moisture can be more precisely controlled and flats 
can be shifted if some plants grow faster than 
others. Plants can be moved with more dirt on the 
roots, and this is a great advantage when plants are 
sold and hauled some distance, though, of course, 
pulled plants are handled more cheaply. On the other 
hand, the first cost, and the maintenance and stor- 
age of the flats must be considered. Loomis’@?) re- 
sults show a marked advantage in yield for pot- 
grown over flat-grown plants. 

Flats are of many dimensions, ordinarily six to 
ten per sash. They may be made of lumber from 
used boxes, but they ought to be uniform in size and 
made to fit beds without loss of space. Pin-hole 
chestnut is cheap and durable. It should be soaked 
to avoid splitting when nailed. Pecky cypress is also 
much used. Some growers make the bottoms of the 
flats of square-mesh galvanized screen, about five 
or six meshes to the inch. This allows roots to pene- 
trate the soil of the beds, permits root pruning by » 
shifting, and there is no wooden bottom to rot. 

Some growers use clay pots for plants which are 
receiving special care, but their general use is pre- 
cluded by their cost. Such pots also hold less soil 
for the area occupied than square dirt bands or 
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flats. Paper pots are used to some extent, although 
certain growers find difficulty in securing uniform 
growth with them. Dirt bands of paper or veneer, 
without bottoms, seem to serve just as well and they 
are worthy of wider use. They are more easily re- 
moved than paper pots when the plants are set in 
the field, and they offer all the advantages of clay 
pots. The plan of “blocking” plants, described be- 
low, seems to take the place of pots fairly well. 

Blocking. New Jersey growers have long fol- 
lowed the practice of blocking tomato plants. When 
the cold-frame is prepared for the last transplanting, 
two inches of fairly well-rotted manure is laid down 
and two inches of prepared soil is placed on top. 
Plants are set about four inches apart each way. 
About a week before field setting, a butcher knife, 
or a hoe which has been straightened and sharpened, 
is run between rows both ways. This cuts the roots 
and the plant at once begins to form new feeders 
within the block, thus reducing, to some extent at 
least, the damage which might be caused by trans- 
planting. 

Soil. Soil for plant growing must be free from 
disease, such as damping-off or fusarium wilt, and 
from nematodes. It is difficult to conceive of a better 
way to spread trouble than by setting plants from an 
infected bed. Soil must be in proper physical condi- 
tion. It ought to be friable and should not form a 
crust readily. It should retain moisture fairly well, 
but it should dry off quickly after watering as a 
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safeguard against damping-off. If it holds too much 
moisture, plants will grow too rapidly and become 
soft when cloudy weather follows a heavy watering. 
Soil should be well supplied with plant food ma- 
terial. Seedlings do not need very much of this, but 
when plants approach the time for setting in the 
field, they grow rapidly and make a heavy demand 
upon the resources of the soil. 


The base soil may well be a sandy loam. Lighter 
sands are improved by increasing the humus content 
and heavier soils are bettered by adding sand as well 
as humus. When manure is used, very little fer- 
tilizer is needed for the early stages of plant grow- 
ing, but the addition of complete fertilizer, bone meal 
or acid phosphate may well be considered for soil 
for the last transplanting. 


Good plant soil is a blend, not a mere mixture. 
Uniformity of soil in pots, flats and beds is of prime 
importance. It ought to be provided months in ad- 
vance, and humus material should be well rotted and 
thoroughly incorporated before time to use the soil. 
Successive green crops may be plowed under on a 
suitable plot of ground which may be liberally fer-_ 
tilized and manured. When this is done, composting 
may be omitted or the time in the heap may be short- 


ened. 


Another plan of soil preparation is to make a com- 
post heap with successive layers of manure and 
soil, turning it twice and keeping it moist so that 
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decay and blending will be fairly rapid. Machines 
for shredding and mixing soil are now available. 

Seed and Seed Sowing. Tomato seed runs 
about 125,000 to 150,000 per pound. An ounce of 
seed is usually depended upon for plants for an acre. 
For growing seedlings, seed may be sowed up to 
100 or more per foot of row. For a maximum 
number of strong seedlings from a small amount of 
seed, thinner sowing is desirable. Rows are usually 
about two inches apart, and a quarter of an inch is 
sufficient cover. Good seed germinates 85 per cent 
or 90 per cent, and the seedlings break ground in a 
week or ten days. 

Tomato seed is not as easily sowed as most others. 
It may be shaken from an envelope that has been 
cut squarely across the end. H, F. Hall recommends 
a tin can with a single row of holes in the bottom, of 
a size (to be determined by trial) just large enough 
to let the seeds drop through. Two guards of tin 
an inch wide and an inch longer than the diameter 
of the can are soldered, one on each side of the row 
of holes. This can is shaken lengthwise of the row 
and the seeds drop just where they should. See 
Figure 2. 

Uniformity of depth of rows and of covering is 
important. Otherwise, seedlings will come up un- 
evenly and there will be considerable waste. 

Water, Temperature and Ventilation. Water 
and heat should be provided to permit a steady and 
moderate rate of growth in plants. Over-watering 
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Botton, 

FIG. 2. TIN CAN PREPARED 

FOR SOWING TOMATO SEED. 
and high temperature yield soft and spindling plants 
and also plants that are overgrown and that are 
liable to severe checking before field setting. Under- 
watering and low temperature give stunted plants. 
The thermometer at the earlier stages of growth may 
well stand around 70 to 75 degrees by day and 10 
degrees lower at night. A reasonable range of tem- 
perature and moisture gives opportunity for the skil- 
ful grower to forward or retard his plants as seems 
best. Great care should be exercised to water evenly. 
A square-faced rose for the hose or water-can makes 
it easy to cover corners and edges properly. It is 
necessary to watch the plants constantly to detect the 
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slightest variations in growth. The watering may 
then be modified and even progress insured. 

Watering cools the plants and should preferably 
be done on a sunny day and in the morning to allow 
plants and soil opportunity to dry off before night. 
The weather prospects. should be watched carefully. 
and watering should be light if cloudy skies are ex- 
pected. 

Ventilation finds its chief significance as a means 
of controlling temperature and humidity, though ac- 
tual change of air may be a factor. 

High soil moisture, high humidity, high tempera- 
ture, and faulty ventilation, all favor the ravages of 
the various damping-off fungi which cause little 
plants to rot off near the ground. 

Transplanting. The main advantage of trans- 
planting plants before they are set in the field is to 
give them increased space, or, in other words, to con- 
serve space during their early life. Other advantages 
have been claimed, but in many instances the gains 
have resulted from more space rather than from the 
actual shift. Transplanting checks growth through 
breakage and disturbance of the root system. 
Loomis“) has recently studied transplanting and 
has summarized the literature. He holds that “the 
immediate effect of transplanting is a reduction in 
the water supply, and the immediate and long-time 
results are dependent upon the severity and dura- 
tion of such reduction.” Transplanting has little ef- 
fect upon very young plants and a shift at the age 
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of six or eight weeks checks the plant about as much 
as two earlier transplantings. The severity of check 
for a given kind of plant depends upon the extent 
of breakage of the root system, the effectiveness of 
the retained roots in absorbing water, and the rap- 
idity of root replacement. The tomato falls in the 
group of plants that stand transplanting well, roots 
being rapidly replaced. Transplanting breaks roots 
and so results in the growth of branches which are 
shorter than the members of the old system. The 
new system is accordingly less severely damaged in 
later transplantings. 

To secure efficiency, the work of transplanting 
merits careful attention. Carelessness as to details 
means loss through unevenness of plants. For ex- 
ample, if soil is not carefully packed at the edges 
and corners of the flats, irregular water supply and 
irregular growth result. If much transplanting is 
to be done, it pays to divide up the work, as is done 
in a factory. Use the most nimble-fingered work- 
ers for the actual dropping and setting. Women and 
young people are good for such jobs. Men accus- 
tomed to coarser types of work, as teamsters and 
laborers, should be used for such tasks as filling and 
carrying flats. Have a good place for doing the 
work—a warm, light, and comfortable room. Tired 
workers are not efficient. Spotting boards are of 
service if properly made and correctly used. Soil 
should always contain just the right degree of mois- 
ture to allow holes to stand open. Care must be 
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taken that the workers in setting plants do not close 
the holes at the top leaving the roots dangling in an 
open space below. Brown, of Indiana), says that 
a good worker will prick out 10,000 plants per day, 
though everything must be convenient to accomplish 
this and many growers regard 6,000 plants as a 
good day’s work. 

Pruning Young Plants. Some growers advo- 
cate pruning the foliage of young tomato plants be- 
fore field setting to encourage more rapid develop- 
ment of blossoms and fruits. This is based on a 
false assumption that fruits and leaves are com- 
peting with one another for the energies and ma- 
terials of the plant, As a matter of fact, the leaves 
are the machines that transform carbon dioxide from 
the air and water from the soil into carbohydrates 
(starches and sugars), which constitute the basic 
materials for all parts of the plant. Thus, pruning 
injures rather than helps the plant. Pruning as a 
cure for legginess is to be condemned along with 
the malady itself. It is better to lay the plant in a 
furrow, with the top only above ground, than to 
prune it. 

Some growers remove the top shoot with the first 
cluster of buds, intending to encourage the de- 
velopment of side shoots with their blossom clusters, 
in the hope that a larger proportion of the crop will 
ripen early. Rosa,“® of California, recommends 
this practice, but Brown,“ of Indiana, says, 


“NEVER PRUNE TOMATO PLANTS.” When 
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pruning is followed, plants should be allowed a 
little more time if the first ripe fruit is to be as early 
as it would have been on the crown cluster. The 
question also arises whether an ordinary plant at 
4 x 4 inches or even 5 x 5 inches has the necessary 
resources to carry forward the development of four 
branches at full speed. Certainly wider spacing and 
ample plant food would be needed. H. F. Hall has 
observed little advantage in pruning, and he thinks 
if nipping is done it should be only a few days be- 
fore the plants go to the field. C. E. Haw and C. E. 
Garrahan, successful tomato men of Syracuse, N. Y., 
and Wilkes-Barre, Pa., have used the method, but 
do not find much gain. A carefully planned series 
of experiments is needed to settle this question. 
Pruning is an effective way to spread mosaic disease. 

Hardening. Tomato plants cannot be made 
frost proof, but low temperature, reduced moisture 
supply, partial starvation, and crowding all tend to 
make plants more resistant to cold, to drying winds, 
to heat, to mechanical injury as breakage of leaves 
and stems, and even to cut-worm attacks. Plants can 
be hardened appreciably in a short time—say a week. 
Reduced temperature has been regarded as perhaps 
the most effective of the different means of harden- 
ing plants, but it is now a fair question whether 
moisture control is not more useful. Effectiveness 
of the various means depends largely upon the readi- 
ness of control, and, if the weather turns warm, it 
is impossible to make cold frames very cool. Plants 
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can be kept on the dry side if glass or other water- 
shedding cover is available. 

Great care must be exercised to avoid over-hard- 
ening of tomato plants, for in this way a check in 
growth is incurred from which they recover slowly, 
and perhaps never fully. 

Much study has been given to the changes in 
plants which underlie the hardening process, and 
papers by Harvey,“ Rosa,@3) Loomis, @# and 
others should be consulted in this connection. 

Checking from lack of plant food is harmful. If 
plants turn yellow and tend to drop lower leaves 
from nitrogen shortage, a little nitrate will help. It 
may be dissolved in water and applied, say an ounce 
to fifteen square feet. Using nitrate to hurry plants 
is dangerous business, as it encourages soft growth. 


PLanT GROWING PROGRAMS 


The following are merely examples of some of 
the plant-growing programs that are used and recom- 
mended. The individual must consider principles 
and then make his own plan: 

1. Open seed-bed, no transplanting. Six to eight 
weeks allowed. 

2. Open seed-bed, once shifted. Probably little 
advantage over Plan 7 if plenty of space is given at 
first. Plants will stand field setting better than 
under Plan 7. 

3. Cold frame (glass or cloth, the latter 
treated or untreated). May or may not be shifted 


TOMATO PRODUCTION 43 


once as above. Permits earlier sowing and more 
rapid development of plants. If shifted, spacing 
may be 1% to 4, or even 5 inches each way. 

4. Seed sowed in hot bed, shifted to cold frame, 
as above. Still earlier start. 

5. Seed sowed in greenhouse, shifted once or 
twice to hotbed or cold frame. The only considera- 
tion to justify the second shift is space. If green- 
house and hotbed space is at a premium, more plants 
can be grown by using cold frames in addition. 

6. For first early crop. Sow seed in greenhouse 
ten to twelve weeks before field setting. Transplant 
seedlings to flats or bed in greenhouse or hotbed, 
spacing them 2 x 2 inches. When plants begin to 
crowd, say four weeks later, transplant to cold 
frame, using clay or paper pots, dirt bands, or flats, 
or the ground-bed under the blocking method. All 
these four alternatives are satisfactory and choice 
may be made to suit conditions. 

The last general plan is the scheme of many ex- 
perienced and successful market gardeners and, 
when well handled, yields the finest of plants. There 
is a tendency, where space permits, to shorten the 
period of plant growing under this scheme, allowing 
a little more rapid growth, transplanting but once to 
four inches, and making the hardening process 
largely a matter of the last ten days. This reduces 
labor very materially and does not greatly increase 
the demand upon space, as the two-inch shift is 
omitted. 
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The Indiana Experiment Station®® included in 
experiments a plan by which the seed was sowed 
directly in four-inch veneer dirt bands eight weeks 
before field setting and plants were not transplanted. 
Plants for an acre cost but $8.80 (1910-12) and the 
yield was nearly fifteen tons per acre, average of two . 
years. There was also a distinct gain in earliness 
over the other three hotbed treatments and nearly 
a month gain over outdoor seed-bed plants. Three 
different hotbed treatments, namely, transplanted 
twice, once, and not at all, all averaged (three years) 
about ten tons per acre. Loomis confirms this find- 
ing, though one transplanting gives a somewhat 
larger quantity of early fruit. Open seed-bed plants 
gave but little over five tons. Maryland experi- 
ments“) show an average gain for two years of 1.2 
tons per acre for cold frame over outdoor plants. In 
Chautauqua County, New York,@) plants grown 
too per flat (16 x 26 inches), once transplanted, 
cost $7.00 per thousand. Plants grown 50 per flat 
cost twice as much, whether transplanted once or 
twice, and 25 per flat are $28.00 per thousand. Paper 
pot plants are $40.00 per thousand. Experiments 
(1921 only) showed, that 50’s once transplanted in- 
creased the yield by 2% tons per acre. Growers are 
now buying 50’s rather extensively. An extra trans- 
planting of the 50’s was detrimental. Cannery con- 
ditions did not justify the cost of 25’s, but more than 
enough fruit to pay for the plants was sold at early 
prices before canning season. Potted plants would 
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be justified only where other conditions are made 
right for early yields and where there is an outlet for 
the early product at suitable prices. 


Buyinc PLANTS 


Since plant production is an exacting business and 
requires special facilities, many growers like to buy 
plants. This is good policy if good plants are avail- 
able, It is necessary for the buyer to be sure of the 
skill and integrity of his grower. It is desirable to 
inquire about the variety and source of seed—or to 
furnish the seed; to talk over the dates of sowing, 
shifting, and delivery; and to do all this early, be- 
fore the capacity of the establishment is all signed 
up. Good plant growers often have their contracts 
made four to six months before field-setting time. 

Southern outdoor plants are available and there 
is no essential reason why these should not be satis- 
factory for northern main-crop planting, but it 
often happens that they are not. They may be from 
poor seed, may be poorly grown, and may carry 
disease or nematodes. Moreover, shipping of plants 
is not easily accomplished. On the other hand, the 
plan may offer real economy for a large grower, a 
group of growers or a canner who can thoroughly 
examine conditions and methods where the plants 
are grown or choose a good man to make an in- 
spection trip for this purpose. Canning factories 
often grow plants for patrons and here again the 
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same precautions must be observed as in buying 
from other sources. 

Some tomato growers like to buy seedlings from 
the greenhouse and prick them out in their own cold 
frames, caring for them until time for field setting. 

Prices of plants vary widely with different sec-. 
tions. C. H. Nissley, of New Jersey, gives the fol- 
lowing prices as current in that State in 1915: 


@Outdoorsseedybed) plantste..0--- teres $1.50 per M. 
Cold frame plants not transplanted........ 2.50-3.00 “ M. 
Cold frame plants once transplanted....... 6.00-8.00 “ M. 
Hotbed or greenhouse plants.............. 6.00-8.00 “ M. 
Blocked) plants’ for first early. ..--0. seem 25:00 eevee 
Seedlings Sabout i000) in alfiat.....2aeesiee 2 500 ee Mee 


CHAPTER IV 
SOIL MANAGEMENT FOR TOMATOES 


No PHASE of tomato culture offers a more puz- 
zling problem than the framing of a program of soil 
management for a given situation. So many factors 
must be considered in reaching an answer that it is 
impossible to make general recommendations. In 
fact, a program that is good for one farm may oc- 
casion a loss on the next, Among the factors that 
bear on the question may be mentioned the follow- 
ing: 

1. Type of Farming. General farm practice calls 
for different management from the market garden. 

2. Type of Soil. The range of tomato soils, in 
practice, is from sand to clay and from seashore to 
prairie. 

3. Previous cropping and fertilization. 

4. Value of Crop. Four to six tons per acre at 
$15.00 per ton will justify but limited outlay, while 
the gardener who invests in plants and labor to make 
the most of the early market cannot afford to neglect 
the feeding of the plants. 

5. Cost of Materials. The relative prices of fer- 
tilizers and manures and the cost of green manure 
crops must be weighed one against the other. 

The chief service that can be rendered here is to 
indicate the general needs of the tomato, to suggest 
the parts played by the different materials that may 
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be used, to summarize the results of experiments and 
experience, and to offer examples of the recommen- 
dations that have been made for various regions by 
those who have carefully studied conditions. The 
final answer must be worked out by the grower him- 
self with much observation, reading and thought. 
The experiences of the neighbors and the sugges- 
tions of county agent and extension specialist are 
assets of positive value that must not be overlooked. 


CONFUSION IN FERTILIZER THINKING 


Much confusion is occasioned by references to 
complete fertilizer mixtures. One often hears dis- 
cussions of different analyses of fertilizers with 
little mention of amounts used, or discussions of 
amounts with little reference to analysis. Neither 
means anything without the other. To illustrate: 

Change 800 pounds 5-10-5 to 800 pounds 4-12-4. 
This means ammonia is decreased 20 per cent, 
phosphoric acid is increased 20 per cent, potash 
is decreased 20 per cent. 

Change 800 pounds 5-10-5 to 1,000 pounds 4-12-4. 
Ammonia and potash unchanged, phosphoric 
acid increased 50 per cent. 

Change 600 pounds 4-12-4 to 1,200 pounds 2-12-6. 
Ammonia unchanged, phosphoric acid doubled, 
potash trebled. 

It is too much to expect a sudden change in our 

way of considering fertilizers, but it is worth while 
to study the needs of the tomato crop for each ele- 
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ment and then decide which one of the commercial 
high-analysis mixtures will serve best or whether 
the use of single materials or of home-mixed goods 
will be most economical. 

Comparatively few of the many experiments that 
have dealt with the fertilizer requirement of the 
tomato have been planned so as to permit study of 
the effect of the individual elements one by one. In 
many instances, the comparisons are between com- 
binations in which two or more elements vary at 
once. 

It must be borne in mind that the value of ex- 
perimental results varies greatly according to the 
methods used. The use of check plats, the number 
of repetitions and seasons, and the carefulness of 
record-taking, all affect the reliability of the con- 
clusions. Space does not permit critical discussion 
of the various experiments cited and only the more 
convincing findings are used. 


NITROGEN 


An available nitrogen supply is essential for the 
growth of all crop plants. Soils vary more widely 
in the amount and form of this element than in 
either of the other two (phosphorus and potash) 
that we ordinarily supply artificially. The nitrogen 
content of soil varies not only within short distances, 
but also with successive years according to cropping 
and fertilization. Experiments conducted in New 
Jersey“) years ago indicated that nitrogen was the 
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dominant element for tomatoes in that state and that 
nitrate of soda was better than sulphate of ammonia 
or organic forms. West Virginia‘) results support 
the latter point. McCue and Pelton@?) say that the 
tomato needs plenty of nitrogen early in the season 
and plenty of moisture later, In the Marietta dis- 
trict of Ohio®” it was found that nitrate increased 
yields, but that it alone was not sufficient. An ex- 
periment in the grape belt of New York (Chau- 
tauqua County) © did not yield conclusive results 
in a comparison of 64 pounds of ammonia (as 
nitrate of soda) with 32 pounds and with none, re- 
spectively. This land had been in alfalfa seven years 
previous to the three years of the experiment and 
so the outcome is not surprising. When 96 pounds 
of ammonia were used, the figures showed an aver- 
age decrease of 2.4 tons per acre below the 64-pound 
plats, and the six records taken during the three 
years were quite consistent. Whether this rather 
surprising observation will be supported by other 
experiments remains to be seen. Curiously enough, 
the dry weight of vines was considerably less under 
the heavy application of nitrate, nor was there any 
other indication that the plants might have “run to 
vine.” 

Forms of Nitrogen. There have been indica- 
tions that it is well to have part of the nitrogen for 
the tomato crop in nitrate form and part in organic 
form. The danger of loss of nitrogen by leaching 
from any but the lightest soils has been found less 
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serious than was formerly supposed and there now 
seems little objection to applying all the nitrogen 
in available form if it is cheaper. Nitrate of soda 
and sulphate of ammonia are ordinarily least costly 
under present conditions. 

A number of different nitrogen carriers have been 
tested in boxes of quartz sand and little ground for 
choice among them was found®), Urea was as 
good as nitrate of soda, but none approached stable 
manure. 

Injury by Nitrate of Soda. In experiments ©) 
with single tomato plants in boxes holding about a 
bushel and a third of quartz sand, no marked dam- 
age to the plants was induced by increasing the ap- 
plications of nitrate of soda until the soil concen- 
tration became so great that it was difficult for the 
plants to secure water. This concentration was 
found to be around 2¥4 per cent nitrate of soda in 
the soil solution. There was no indication that high 
nitrate injured the plants by acting as a poison with- 
in the tissues, Injury seemed to be due strictly to 
the creation of a state of “physiological drouth.” At 
the same time the careless use of nitrate has often 
injured plants. Too large a quantity may readily 
“burn” them if placed near the roots and stems. 
On the other hand, broadcasting over the growing 
plants when the leaves are dry is attended with no 
danger. 

Nitrogen in Tomato Leaves. Various work- 
ers (43, 59) have found that the nitrogen content of 
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tomato leaves in healthy, normal plants is from .3 
per cent to .5 per cent green weight. Less than .3 
per cent indicates at least partial nitrogen starvation. 


PHOSPHORUS 


Most writers recognize the dominant importance 
of phosphorus for tomato soils. McCue and 
Pelton® thought potash was more important than 
phosphorus; that more phosphorus was com- 
monly added than necessary on coastal plain soils. 
This is perhaps true for the region in question, but 
definite experiments are needed to establish the point. 
Experiments in Missouri,“ West Virginia,@>) and 
Indiana) serve to emphasize the value of phosphor- 
us. In the Chautauqua trials©!) mentioned above, 
the no-phosphorus plats were far poorer than the 
no-nitrogen and the no-potash plats and they were 
only slightly better than the plats receiving no fer- 
ilizer,, sce. hiate 1h, 

Phosphorus Shortage. J. H. MacGillivray, in 
work yet unpublished, found that single tomato 
plants in boxes of quartz sand grew practically as 
well with 2 grams* of acid phosphate (pure calcium 
phosphate, CaHPO,) as when more was added. A 
half gram resulted in marked improvement over the 
no-phosphorus boxes. Thus, the amount required is 
very small. Phosphorus-starved plants do not ap- 
pear greatly different from nitrogen-starved plants. 
The growth is small, slender and hard and there is 
marked development of red pigment in the leaves. 


*A gram is about 1/28 ounce. 
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“The highest percentages of phosphorus in the plant 
tissues are found in the rapidly growing regions re- 
gardless of treatment. There is, however, a more 
gradual increase in the percentage of phosphorus 
in the various regions of stem and leaf in the plants 
grown in the presence of an ample supply of phos- 
phorus than in plants grown in the absence of phos- 
phorus. The regions of higher percentages of phos- 
phorus are found in the fruit, top leaves, and top 
stem. From one-third to one-half the total phos- 
phorus of the plant is found in the fruit. There is 
more phosphorus in the pulp of the fruit than in the 
seed. This is accounted for by the greater bulk of 
the pulp, not by the greater percentage content. I 
feel that although it is true that phosphorus is essen- 
tial to seed production, the emphasis on this idea 
tends unjustly to minimize the importance of that 
element in producing the rest of the fruit. I think 
this is borne out by the decreased size of the no- 
phosphorus fruits and the fact that the greatest dif- 
ferences are found in the thickness of the peri- 
pheral and placental walls. The seeds under both 
treatments appear to be similar except that those 
from plants grown in the absence of phosphorus 
were smaller in volume and weight than those grown 
with ample phosphorus.” 

Of course, these findings cannot be applied directly 
to field practice for comparatively heavy fertilizer 
applications of phosphorus to the soil may be neces- 
sary to give each plant the requisite amount. i 
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Phosphorus and Earliness. Hepler“ finds 
that additions of 500, 1,000 and 1,500 pounds of acid 
phosphate with 20 tons of manure increase the yield 
of early fruit by 78 per cent, 142 per cent and 164 
per cent, respectively, while doubling the amount of _ 
manure brought only 17 per cent increase. Brown ) 
cites Indiana experiments to the same effect and 
many writers make similar statements without offer- 
ing data. 


PoTasH 


The potash requirement of the tomato has not 
been as thoroughly studied as the requirement for 
the other two elements. McCue and Pelton“) have 
already been cited, and the potash shortage in the 
soils of the coastal region is generally recognized 
although T. C. Johnson calls attention to the sug- 
gestion that the potash of these soils is readily avail- 
able. Hepler“ finds that, when used with phos- 
phoric acid, potash actually delays maturity. Ab- 
bott®*) twelve years ago reported Indiana experi- 
ments indicating that 6 per cent potash in a given 
analysis of fertilizer is as good as 10 per cent. Other 
Western workers support this finding. The Chau- 
tauqua experiments©” indicated a marked cut in 
yield when potash was reduced or omitted in spite 
of the fact that determinations haye shown a high 
potash content in the glacial lake shore soils of the 
region. The difference in plant growth was not ap- 
parent to the eye, though the yield of fruit from no- 
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potash plats averaged over 2 tons per acre lower 
than from plats receiving 400 pounds per acre of 
muriate of potash. 

Form of Potash. Abbott*) finds, as a result of 
twelve trials, that sulphate of potash is somewhat 
better for tomatoes than muriate, but he does not re- 
gard the differences in yield as large enough to be 
conclusive, Musser, of South Carolina, in corres- 
pondence reports better results from muriate in a 
one-year trial. 

Fertilizer and Fruit. Tracy©® states that phos- 
phoric acid tends to produce soft fruit with less dis- 
tinctly acid flavor while potash tends to smaller 
growth of vine but firm and more acid fruit. Al- 
though this statement has been much quoted, it is 
hard to say whether or not it would be supported by 
critical experimentation. 


STABLE MANURE 


Stable manure offers the same merits for the pro- 
duction of tomatoes as for other crops. For rough 
comparison, ten tons of horse or cattle manure may 
be regarded as equivalent in plant nutrients to a ton 
of a fertilizer analyzing 6 per cent ammonia, 3 per 
cent phosphoric acid, and 6 per cent potash, though 
the materials are not as immediately available as in 
chemical manures. It is apparent that the phos- 
phorus is low in proportion to the other elements and 
there is general support for the policy of supple- 
menting manure with phosphate. In Chautauqua 
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County, New York,©Y ten tons of manure with 
phosphorus gave about the same yield as the check 
treatment which received commercial fertilizer 
equivalent to 1,600 pounds per acre of a 4-8-12. Ten 
tons of manure without phosphorus gave a ton and 
a half per acre less than the check, while twenty 
tons with phosphorus gave distinctly more. 

Manure versus Fertilizer. Results of com- 
parisons between manure and fertilizers are some- 
what conflicting. It was found in Missouri experi- 
ments“) (ten trials) that eight tons of manure gave 
about the same yield as 250 pounds per acre of a 
4.6-8-7 mixture. A New York comparison has been 
noted above, and, in addition, ten tons plus the check 
treatment gave an increase of a ton and a half per 
acre over the check alone. Manure does not favor 
earliness when applied immediately before the to- 
mato crop and this may account for some unfavor- 
able findings. It is generally thought better to use 
stable manure on the previous crop as on corn or on 
sod to be plowed under. 

A Delaware survey@) showed that manure is re- 
garded by growers as desirable but is seldom avail- 
able, On the other hand, App and Waller“) in their 
survey in New Jersey found but fifteen per cent of 
growers who did not use stable manure. The aver- 
age application was 7.32 tons per acre. They say, 
“the application of manure, dollar for dollar, did not 
bring so large a return as the application of fer- 
tilizer.” Beattie“) reports that growers who pro- 
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duce for shipment in the poorly drained sections of 
Florida place manure in the hill in order to protect 
the plant from “wet feet” as well as to supply plant 
nutrients. Ruprecht states, in a letter, that this manur- 
ing is necessary and suggests that it is also of value 
because it re-inoculates the soil with the normal bac- 
terial life which is destroyed during the period of 
high water. 

Ohio®® has found that of the treatments tried in 
one series of plats, 16 tons of manure plus acid 
phosphate was the most effective in increasing the 
yield of tomatoes, though it was not the most profit- 
able, after cost of manure was considered. In an- 
other series of plats, manure, acid phosphate and 
lime gave highest yields and highest profits. Cover 
crops were used on all plats in both series each year. 
Norton‘ reports that 412 of 602 acres of tomatoes 
included in a New York survey in 1920 had received 
manure during the period from 1917 to 1920, half of 
the total amount being used in 1920. 


GREEN MANURE 


A good content of organic matter in the soil is 
highly desirable for the tomato crop and its main- 
tenance is generally recommended. A survey in 
Delaware@2) showed that more than half of 340 
tomato growers plowed under sod or green manure, 
and a New Jersey survey showed about the same 
situation in that State. The maintenance of humus 
is good practice for the same reasons as for other 
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crops. The improvement of drainage in heavier 
soils and the improvement of water-holding capacity 
in lighter soils are especially significant with the 
tomato. 


Experiments showing direct comparison of crops 
following green manure with crops not so treated are 
rare. In Rhode Island,@® plats with green manure 
and chemicals yielded about a fourth less early to- 
matoes than plats receiving stable manure and chem- 
icals, 


MeEtHops oF APPLYING FERTILIZERS 


Where fertility is well-maintained by means of a 
program extending over a period of years, and where 
fairly liberal applications of commercial fertilizer 
are made to the tomato crop, there is little to be said 
against the practice of applying the whole amount 
broadcast before planting, and Illinois experi- 
ments“) confirm this view. This practice certainly 
results in economy of labor. Where early yields are 
sought, it is claimed that some immediately available 
fertilizer in the hill will help the plant to a quick 
start. This is doubtless true in poorer soils and 
where little fertilizer is used. It is true that the plant 
just set stands in urgent need of nutrients. Never- 
theless, the plant is small and a little is as good as a 
lot; hence, it is safely presumed that a good broad- 
cast application places enough within reach of the 
roots to meet immediate needs. Moreover, few 
people realize how speedily the roots of plants reach 
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to the middle of the rows and so are able to use any 
nutrients that are there. 

Fertilizer in the Hill. Where hill fertilization 
_ is deemed desirable, the field may be marked in 
checks and the desired quantity may be mixed into 
the soil where the marks cross, taking care to avoid 
placing too much in immediate contact with the roots. 
Another and cheaper way is to apply the whole 
amount with a potato planter or other implement 
that will place it in the rows, and mark at the same 
time. Some plant-setting machines are now equipped 
to apply fertilizer. Dean R. L. Watts has always 
been an ardent advocate of the use of a handful of 
bone meal where each plant is to stand, especially 
in poor soils, although this material is not as cheap 
telatively as it was once. 

New Jersey Practice. H. F. Hall suggests the 
following method supported by cannery crop ex- 
perience in New Jersey where soils are rather light 
in texture. Mark deeply and apply 750 pounds of 
complete fertilizer in the furrow, mixing with a one- 
horse cultivator. Ridge up with a disk, cross-mark, 
and set plants in the ridge, thus protecting them 
against damage from dashing rains. At the last cul- 
tivation, apply another 750 pounds of fertilizer, 
placing some on each side of the row. Cultivate 
thoroughly and throw earth to the row with a one- 
horse plow. This is said to give twice as good a crop 
as broadcasting the fertilizer and omitting banking. 
It favors continued vine growth which is needed 
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under New Jersey conditions. If the soil is dry, it 
may do some harm through over-severe root-pruning. 


FERTILITY PROGRAMS FOR TOMATOES 


No brief general summary can be made on the 
subject of fertilizers for tomatoes and the best sug- 
gestion for crystallizing ideas seems to be to cite the 
conclusions and programs that have been arrived at 
and recommended by careful workers after study of 
experimental results and farm conditions in their re- 
spective regions. 

Low-cost Programs. It is safe to say that where 
low cost treatments are essential, acid phosphate 
alone will be the most useful commercial fertilizer 
material. Recommendations vary from 300 to 1,000 
pounds per acre. If green manuring is practiced, or 
stable manure is available, the combination with 
phosphate makes a safe plan in many districts. 

Complete-fertilizer Programs. Where the early 
crop is sought and where other conditions can be 
provided to insure a large yield of tomatoes for can- 
nery, a complete fertilizer will pay, using, say, a 
4-12-4 mixture as a starting point until experience 
proves something else to be better. On light soils, 
nitrate of soda as a side dressing soon after setting 
may be of real service. It will tend to delay matur- 
ity if applied too late, It is more needed where only 
a small amount of complete fertilizer is used and its 
value will be less when good land is well supplied 
with nutrients before setting the plants. 
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Fertilizer and Earliness. Experiments amply 
support the usefulness of fertilizer in furthering 
ear y maturity. The average of four years’ results 
in Delaware“) show the following: 


Yield, pounds Per cent 
per acre ripe 
Check, no fertilizer........... : 10,979 78 
600 pounds 4-8-10 .............. 17,339-- 89 
600 pounds 4-8-10 plus 20 tons 
PHAUULC Momiae rot eae cae 23,279 82 
A 200 pounds<4-S-1 O26 ae tes 5 26,886 89 


Missouri@” reports nearly four weeks difference 
in beginning of heavy-bearing in favor of complete 
fertilizer as against none and the difference in favor 
of phosphorus alone was three weeks. The earliest 
plats in the 1919 Indiana®) experiments were those 
receiving complete fertilizers. 

Amount of Fertilizer. Mills@%) concluded that 
for canning crop in New York 500 to 600 pounds of 
fertilizer was the most profitable amount to apply, 
although no general statement can be made for all 
farms. App and Waller“®) found that in two years 
out of three the use of 800 or more pounds per acre 
of fertilizer gave marked increases in yield over no 
fertilizer. In the other year, all yields were very low 
and the no-fertilizer farms had used manure liberally. 
In many regions, extension workers find difficulty in 
getting growers to use enough fertilizer. 


RECOMMENDATIONS BY STATES 


The following are brief statements of the general 
recommendations made by station and extension 
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workers in the various states. They are given as ex- 
amples of fertilizer programs and are not to be ac- 
cepted as necessarily the correct procedure for a 
given farm but rather as a starting point for the 
shaping of practice in the light of experience. 

Florida. For shipment, 4-8-8 and 5-5-5. Seven 
hundred and fifty to 2,500 pounds of stable manure 
in the hills are required to re-establish bacterial life 
in soil that has been submerged for months. 

Indiana. For cannery, 2-12-6, 500 to I,500 
pounds per acre. Acid phosphate aids earliness. Use 
manure (free of diseased refuse) where possible. 
1924. 

Michigan. On fertile soil 500 pounds acid phos- 
phate. Sandy soil, 4-8-6, Loam or silt loam, 3-12-4. 
Clay loam, 2-12-o. Amount from 500-1,500 pounds 
according to soil. Well rotted manure profitable in 
small amounts. 1924. 

Missouri. For canning sections in Southwestern 
Missouri. On good soils with stable manure, acid 
phosphate alone. Medium soils, 2-12-2 or 2-16-2. 
Poor soils, 3-12-4 or 2-12-6. For cannery, 200-300 
pounds. For early market, 400-500 pounds per acre. 
1924. 

Maryland. 800-1,200 pounds. 4-8-4 with manure 
or 5-8-5 without. 1925. 

New Jersey. For late, 3-8-3. For early 4-8-4. 

New York. For cannery in Great Lake regions, 
manure 10-20 tons per acre on crop preceding or in 
the fall. For low cost and when manure is used, and 
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on rich soils, acid phosphate alone, 500-1,000 
povnds. For fertilizer alone or on lighter soils, 
4-12-4, 500-1,500 pounds per acre according to in- 
vestment justified by other conditions. For market 
tomatoes on early soils, manure, 10-20 tons per acre 
with 500-1,500 pounds of 4-12-4 often will be profit- 
able if other factors for earliness and yield are pro- 
vided. 1925. 

Ohio. Marietta District, growing early tomatoes. 
Results from two series of plats: A, limed annually ; 
B, not limed ; cover crops on both. Series A, manure 
16 tons, plus acid phosphate 400 pounds, gave great- 
est increase of yield but 1,220 pounds of 4-10-4 was 
more profitable than the phosphated manure or than 
610 pounds of the same mixture. Series B, manure 
16 tons, acid phosphate 400 pounds, ground lime- 
stone one ton. Of chemical fertilizers, the best com- 
bination was acid phosphate 400 pounds, nitrate of 
soda 160 pounds, limestone 1 ton. 

South Carolina. For shipment, usually from 
land that has grown a heavily-fertilized early 
spring crop, 800-1,500 pounds 5-7-5 or 4-8-4. 1925. 

Virginia. Truck regions, 5-8-5. Canning sec- 
tions, 600 pounds per acre 5-8-5. 1925. 


CHAPTER V 


INTERNAL RELATIONS IN TOMATO 
NUTRITION 


Untit recently investigators have been content 
to provide in their experiments certain definite treat- 
ments for plants and to observe the behavior as a 
result of those treatments. In this way a great deal 
has been learned, but there have been grave incon- 
sistencies in findings and wide gaps have remained 
in our knowledge of causes and effects. 

External Differences in Behavior. Recently at- 
tention has been devoted to the chain of events that 
take place between, for example, the application of 
fertilizer to the soil and the accomplishment of its 
effect upon the plant. Picture two tomato plants, 
one receiving as its sole supply of nitrogen one- 
sixteenth of an ounce of nitrate of soda, the other 
an ounce, all the other nutrients, as phosphorus, 
potash, calcium, iron and the like, being present in 
abundance. The first plant grows for a little while, 
blooms and sets a few fruits on the first cluster, then 
turns hard and dry in texture, yellowish green and 
somewhat ashen in color, with red along the veins, 
drops its lower leaves and the buds of the second 
cluster, and is able to accomplish little more. The 
other grows quite normally, producing fruit on sev- 
eral clusters and, if feeding is repeated, continues to 
grow and fruit for many weeks. 
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What Happens Within? How did the nitrate 
moy: through the soil, how did it enter the plant? 
How was it transferred to the place where it is to 
be found in the mature leaf or fruit? What chemical 
changes has it undergone and how has it been com- 
bined with the materials that are manufactured in 
the leaves? What are the differences in the internal 
state of affairs of the two plants just described? 

A German physiologist, Klebs“*) by name, pub- 
lished a work more than twenty years ago, the result 
of previous decades of study, in which he discussed 
the idea that the performance of a plant depends 
upon two things—first, its inherited possibilities and 
second, the conditions prevailing within the plant— 
much as a man’s weight may depend upon the frame 
that he has inherited and upon the efficiency of his 
own digestion. The internal conditions in turn de- 
pend upon the surrounding external conditions such 
as light, temperature, moisture, nutrients and others. 
Klebs’ work was largely speculative, and it remained 
for Kraus and Kraybill“®) in this country to 
apply the principles suggested by the German worker 
to the solution of problems of fruit-set, leaf-growth, 
and the like in practical horticulture. These work- 
ers were primarily interested in the apple, with its 
biennial bearing, its pruning problems, and its rest 
periods, but they began work with the tomato and 
have given us a great accumulation of facts and an 
impetus that has made the tomato one of the most 
studied of plants in research greenhouses and lab- 
oratories. 
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Vegetation and Fruitfulness. The activities of 
the tomato plant can be divided into two groups, 
vegetation, or the making of leaf and stem, and 
reproduction, or the making and maturing of fruit 
and seed. Kraus and Kraybill®) devoted their chief 
attention to two groups of substances that play their 
parts in the internal economy of the plant—the nitro- 
gen compounds and the carbohydrates, among which 
are the starches and the sugars. They suggested 
four combinations of vegetation and fruitfulness in 
plants as follows: 

1. Non-vegetative and non-fruitful. Plants whose 
carbohydrate supply has been cut off, say by removal 
of leaves which make carbohydrates. These plants 
were low in carbohydrate and high in nitrogen. 

2. Vegetative and non-fruitful. These plants 
were well supplied with both carbohydrates and 
nitrogen. They were of the sort we describe as hav- 
ing “run to vine.” 

3. Vegetative and fruitful. These plants were well 
supplied with carbohydrates, but not so liberally 
supplied with nitrogen, thus, providing a balance be- 
tween the two that was favorable for a good crop. 

4. Non-vegetative and non-fruitful. These plants 
had ample opportunity for carbohydrate making, but 
were underfed with nitrogen and so could not per- 
form well in either vegetation or fruit-making, 

Kraus and Kraybill conclude that there are certain 
balances between these two groups of compounds— 
nitrogenous and carbohydrate—which determine 
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the nature of the plant’s performance—whether 
there will be too little vegetative growth to permit 
a crop, whether the plants will “run to vine,” or 
whether they will show good growth of leaves and 
fruit. 


How Are Nitrogen and Carbohydrates Related? 


In experiments along somewhat the same lines, 
Work©® used definite amounts of nitrate of soda in 
series from none to over half a pound per plant, 
growing them in quartz sand in boxes holding about 
a bushel and a third. Plate III. Plants of Bonny Best 
did not “run to vine,” even with the heaviest doses 
of nitrate or with soil containing one-fourth manure, 
or with soil, manure, and excess water. Possibly 
the result might have been different with Stone or 
Matchless, for this certainly happens in the field and 
causes serious trouble. Within the limits of these 
experiments, there seemed to be no apparent relation 
between either the amount of nitrogen applied to the 
soil or the amount found on analysis of the leaves 
on the one hand and the amount of carbohydrate 
within the plant on the other hand, with this excep- 
tion: when plants are starved for lack of nitrogen 
the percentage of carbohydrate was high, presumably 
because there was not enough nitrogen in the plant to 
permit the use of the available carbohydrates fur- 
nished by the leaves in the making of root, shoot 
and fruit. There was no indication that either high 
or low carbohydrate content in the plant had checked 
either vegetative or reproductive activity. Of course, 
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if plants had been kept in the dark so that the leaves 
could not make carbohydrates, if the leaves had been 
kept pruned off, or if they had been destroyed by 
insects or disease, the plant could have starved for 
lack of this material as surely as for lack of nitro- 
gen or phosphorus. Carbohydrates are used in the 
plant for making many tissues—leaf, stem, fruit and 
root. Under ordinary conditions, the amount of 
carbohydrate present seems to be a resultant of the 
balance between the rate of manufacture in the 
leaves and the rate of use in the various parts of the 
plant. There has been some confusion through at- 
tempts to relate plant performance to a “carbohy- 
drate-nitrogen ratio.” It seems better to consider 
each of these as a single factor. Performance is de- 
termined by the amount available of that one of the 
pair which is “in minimo,” or at a level below the 
need of the plant, thus exemplifying the principle of 
limiting factors. If there is a shortage of both, the 
amount of growth will be determined by the one that 
is relatively farthest below par. 

In the experiments just discussed plant per- 
formance was measured in a number of different 
ways—green and dry weight of fruit and of vines, 
height of plants, count of buds and blossoms, and 
of fruit actually set, and amount of water used. The 
consistency with which these records under the dif- 
ferent treatments agree is most surprising. The 
curves for all of them show practically the same 
pattern. 
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A small ration of nitrate gave better results when 
applied in four parts at intervals of three weeks than 
when applied at one time. 


FaILureE OF ToMATOES TO SET FRUIT 


Frequently in some tomato-growing sections and 
occasionally in all, growers have lost heavily through 
the failure of plants to set fruit on some or all of 
the clusters. In a few instances failure in the crown 
or first cluster is reported. We need much experi- 
mental work for the solution of this problem. There 
are many possible factors which may inhibit the 
setting of fruit, and the following may be consid- 
ered in seeking the answer in a given instance: 

1. The setting of fruit depends upon the effec- 
tiveness of the whole process of pollination and fer- 
tilization. A failure at any point is sufficient to do 
the harm. Pollen may be or may become sterile. It 
may not germinate on the stigma, or the pollen tube 
may fail to reach the embryo sac.* Heat and dry 
atmosphere are thought to interfere in the South and 
Southwest. One correspondent in Texas finds it 
hard to get a set of fruit until near time for killing 
frost in the fall. It has been found that thrips may 
damage the bloom, and a correspondent in Massa- 
chusetts reports flea beetles eating the pistils. The 
set of fruit is light in rainy or damp, cloudy weather, 
Heavy irrigation during the time the fruit should 


* See Cornell Univ. (Ithaca, N. Y.) Reading Course for 
the Farm, Lesson 144, for a very readable discussion by 
L. W. Sharp of how seed is made. 
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be setting is believed to be particularly detrimental. 

2. Variety. H. F. Hall, who has had years of ex- 
perience, says he has never seen the Bonny Best 
tomato run to vine at the expense of set of fruit. On 
the other hand, late and heavy-growing varieties, 
like Matchless, Enormous and Stone, are more sub- 
ject to conditions which prevent setting. 

3. Rich soil, high nitrogen supply, heavy appli- 
cations of stable manure, heavy soil, and abundant 
moisture are all regarded as favoring failure to set 
fruit. These factors may bring about conditions 
within the plant corresponding to the second com- 
bination in Kraus and Kraybill’s list—(see page 66). 

4. Shortage of one or more nutrient elements may 
prevent the set of fruit. This may be completely ef- 
fective or it may be effective after a certain stage of 
growth has been reached. In the nutrition experi- 
ments already reported©” it was noted that a cer- 
tain group of five plants with a moderate supply of 
nitrogen set fruit freely on the first two clusters. Not 
one of the five plants showed a fruit on the third 
hand but fruits appeared on the fourth and fifth 
clusters after the earlier sets had ripened and ceased 
their demand upon the resources of the plant. Mur- 
neek‘#5) has confirmed this finding. He observed 
that the removal of fruits from small nitrogen- 
starved plants permitted them to renew vegetative 
growth and to set fruit after a stage during which 
buds had dropped. It is possible that a shortage of 
any element may act in this way. 
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5. Length of day may be a factor as suggested by 
Garner and Allard@® and by Nightingale,¢@® al- 
ready referred to. This may be accomplished 
through influence upon the carbohydrate supply, 
though what we know of the amount of light neces- 
sary to produce an abundance of these materials does 
not encourage this view. It may be a matter of a 
definite response, of which the mechanism is un- 
known, of the plant to a certain range of light ex- 
posure. 

Rosa has suggested tapping the first clusters of 
early outdoor tomatoes to insure pollination, and 
I. L. Totten, of Indiana, uses a rabbit-foot on the 
first cluster in outdoor culture. 


CHAPTER VI 
FIELD PLANTING AND CULTURE 


PREPARATION OF SOIL 


THE tomato will survive almost anywhere but it 
responds to good soil preparation as do other crops. » 
Ordinary practice calls for plowing early enough to 
incorporate thoroughly cover crops and manure. 
Thorough covering of refuse is a preventative meas- 
ure against leaf-spot. 


TIME oF PLANTING 


Far-southern growers plan to harvest when mar- 
kets are good—as nearly as they can judge. Can- 
rfery growers plant as early as it is safe, seeking as 
heavy a yield as possible before fall frosts. Grow- 
ers for local markets plant as early as they dare, 
because they find their best returns in the first ripe 
fruits. Many growers begin setting in the field be- 
fore it is safe, risking the loss of plants in order to 
harvest high-priced early fruits. One of the dis- 
couraging features of this plan lies in the fact that 
tomatoes may be checked but not killed, thus occa- 
sioning severe loss on the plants so handled. Other 
growers, especially where the season is fairly long, 
plant for late market, expecting to secure good re- 
turns after the bulk of the crop is past. 

It is hard to fix a definite rule as to time of to- 
mato setting. The best meridian to work from is 
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the “average date of last killing frost.” This date 
for a given farm, however, may be materially dif- 
ferent from the date at the nearest weather station. 
Local lore is of considerable value, but must be used 
with care. Also, at some places, frost danger ex- 
tends later after the average frost date than at others. 
In general, the third and fourth weeks after the 
average frost date give a rough guide. There is no 
use setting plants during a period of chilly, wet, 
cloudy weather. There is more danger of check than 
probability of gain. By the last week in May, to- 
mato planting is usually in progress over a vast area 
of the North. New Jersey is only about a week 
earlier. Southern Ohio, Indiana, and Missouri 
growers plant during the middle two weeks of May. 
Those in Georgia, Mississippi, and east Texas plant 
in April, and Californians plant in many seasons. 

Losses through Delayed Planting. Surveys in 
New Jersey‘) and New York‘"*) emphasize the 
losses due to delayed planting and subsequent frost 
damage in the fall. Yields in late September and 
October are also low as compared with August and 
early September, perhaps because of the shortening 
of the days, the cool nights, and the lower average 
temperatures. In most places, June is less drouthy 
than later months. Fruit maturing in warm weather 
has better color, a point in favor of early planting. 
In the South and West, it is important that the crop 
be set on the vines before very hot, dry weather, 
which does not favor fruitfulness. 
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SPACING 


Untrained tomatoes are set at distances from 
3% feet each way to 7x7 feet or even more. The 
extreme width is found on rich irrigated lands in 
California where plants make tremendous growth. 
The closer spacings are found on lighter soils where 
humus, plant food, and moisture are not too abund- 
ant. Sixteen square feet per plant is about average. 

Check row planting is common, though it is 
not feasible where transplanters are used. Wider 
spacing between the rows than between plants is 
desirable as it permits later cultivation one way and 
leaves a better passage for pickers with less damage 
to plants and fruits. Thus 3%x4!% feet might be 
preferred to 4x4 feet. 

Rows for single stem staked and pruned plants 
may be as close as three feet and plants may be as 
close as eighteen or even twelve inches, though some 
growers contend that two feet is close enough. 


METHODS OF PLANTING 

The essential point in field setting is to pack the 
soil firmly about the roots, thus establishing maxi- 
mum contact for moisture absorption. Whatever 
the method of planting, the aim should be to get the 
plants from the old home to the new with as little 
delay and check as possible. For the first-early crop 
they should be moved so that “they never know it.” 
With bands, pots or blocking in flats or beds, it is 
feasible to avoid practically all disturbance of roots. 
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The tomato will, under ordinarily favorable condi- 
tions, take hold and grow even if shaken quite free 
of earth. Plants, however, should be dug loose 
rather than pulled, to prevent undue breakage of 
roots. While drouth is not common at setting time, 
a dry spell may demand either the use of water or 
some care to keep sufficient earth on the roots. 
Where earth is not retained, puddling in clay about 
the consistency of cream also helps to make a prompt 
contact with the soil. From a half cupful to a pint 
of water at the root of the plant before covering does 
wonders in dry soil, though Dean Watts says, “For 
properly grown plants there need be no worry about 
any of them failing, and watering is unnecessary.” 

Potted or blocked plants are handled with the 
greatest care to avoid disturbance of the roots. 
Plants should be very thoroughly watered six to 
twelve hours before setting out. Blocked plants are 
in the center of little “sods,” or squares of soil, and 
four or nine can be taken up together on a wide, 
flat, many-tined fork and set on the bottom of wagon 
or truck, fork-fulls being placed the same way in 
the middle of four hills. If rows are marked fairly 
deep, the soil is loose and convenient for hand work. 
An ordinary hilling hoe, with the handle cut to about 
12 inches, is a useful aid. Paper pots are usually 
torn off. Little attention needs to be given to paper 
dirt bands, especially if they are wet and rotten. 

Canning crop plants do not ordinarily receive as 
much consideration in setting as early crop plants. 
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Usually, even though grown in flats, very little soil 
goes with them. One good way is for two to work 
together, one worker making an opening with a 
spade and stepping on the soil while the other holds 
the plant in place. Indiana‘) reports that two 
can set an acre a day this way. If water is required, 
a third worker can drop in a cupful before the hole 
is closed. The water not only supplies the need of 
the plant, but insures close contact of the roots with 
the soil. Under this method, care must be used to 
avoid doubling the roots or tangling them in a small 
bunch. 

Machine Setting. There is on the market a 
small plant setter (the Masters) which is carried 
like a walking stick. It makes an opening and the 
plant is dropped down through a tube to its place, 
while a splash of water is released at the root. The 
worker then uses his toe to firm the plant and the 
job is done. Some growers claim that a working 
force of a given size can set plants more cheaply 
this way than with a two-horse transplanter. 

The ordinary two-horse transplanting machine, as 
used for cabbage and tobacco, is also used for toma- 
toes. Its water supply is an advantage when the 
soil is dry. One make of machine permits the 
planters to sit in front, under the watchful eye of 
the driver. Some of these machines can also apply 
fertilizer if it is to be used in the hill or row. Ma- 
chine setting (hand or horse) is not feasible for 
large early-crop plants. Mills“) found, through a 
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survey of 133 farms, that yields were practically the 
same whether plants were set by machine or by 
hand, and that the respective costs per acre by the 
two methods were $7.75 and $9.67. 

Plants are ordinarily set somewhat deeper than in 
the plant bed. Roots spring from the stem at any 
point in contact with the soil. If leggy plants must 
be used, it is best to lay them in the row, letting the 
top turn up above the ground. Such plants, how- 
ever, are usually poorly grown and over-hardened 
and do not give the best results. 


CULTIVATION 

The old idea about cultivation of crops has been 
“the more, the better.” Boyle of Indiana®@* re- 
ported cannery crop experiments conducted in 
IQIO0-I2 comparing average with thorough cultiva- 
tion. The first year fifteen cultivations and eight 
hoeings were given which was clearly excessive. 
The later years three cultivations were compared 
with eight or nine, with resultant increase in yield 
in the latter case from nearly ten tons to about 
thirteen and one-half tons per acre, and a profit of 
about $35 per acre. 

H. C. Thompson“) has called attention to a con- 
siderable amount of experimental evidence on cul- 
tivation and has reported results of five years’ trials 
conducted in triplicate, with six crops. In general, 
he concludes that the great value of cultivation lies 
in weed suppression, which is essential; that the 
value of soil mulch has been over-emphasized, and 
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that, where it has been of value, injury to the roots 
by cultivation has often counteracted it. He finds 
that the mulch lowers rather than increases the tem- 
perature of the soil, though the difference is slight. 
This may help or harm according to season and con- 
ditions. He holds that continuing cultivation where ~ 
there are no weeds and where there is a soil mulch 
results in unnecessary labor and expense, decreases 
moisture by stirring and deepening the mulch, in- 
jures roots, and makes unavailable plant food and 
moisture which may be present in the upper three 
or four inches of soil. 

Thompson compared tomato plats cultivated 
weekly with plats which were merely scraped to 
keep weeds down. No significant difference in yield 
appeared in thirty records, fifteen with trained plants 
and the same number with untrained plants. 

The New Jersey survey“®) showed that the aver- 
age practice called for five cultivations with one or 
two hoeings and with weeds pulled if necessary. 
Two-horse cultivators are most used. McCue?) 
called attention to the danger of too late cultivation, 
which might cause damage to vines and roots. The 
roots which develop on the stems are of service to 
the plant and late working seriously disturbs them, 
beside knocking off green fruit. Brown‘ recom- 
mends at least five cultivations to keep weeds down. 
It is a good practice to pull large weeds after cultiva- 
tion has ceased, though there should not be many re- 
maining at that stage. Related weeds, such as horse 
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nettle, jimson weed, ground cherry, and night shade, 
which may harbor disease, are especially 
objectionable. 

It would be premature to recommend the elimina- 
tion of all cultivation except enough to suppress 
weeds, but Thompson has given growers food for 
thought and a suggestion for trial in their fields. 
One thing which has supported the idea that much 
soil-stirring is beneficial is the fact that growers 
who are faithful to the cultivator are usually the 
ones who spare no pains in other ways to get a good 
crop. It is probable that five cultivations form a 
good basis for practice, but, under most conditions, 
all of them should be as shallow as possible. Many 
growers bank the plants at the first cultivation, but 
the advantages are not clear. 


IRRIGATION 


Irrigation is not essential for tomato production 
in humid climates and is seldom provided except 
under market garden conditions. Water is occasion- 
ally an asset in a dry season and, of course, the 
grower who waters at such times reaps a harvest in 
higher prices as well as in increased yield. The 
advantage of irrigation is especially marked if dry 
weather retards plant growth and delays maturity of 
the first of the crop, for the high prices of the early 
market are involved. Judicious irrigation will some- 
times continue production for late fall market. Yet 
gardeners seldom plan permanent overhead equip- 
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ment for tomatoes. The movable lines that are now 
used to a considerable extent serve well for the 
tomato crop. 

Western Methods. The furrow method of irri- 
gating tomatoes is the most common in the West. 
This plan allows the water to make its way down 
the rows, slowly soaking in all along the line. The 
tomato stands drouth better than many of our 
crops, especially if the soil holds moisture fairly 
well, either naturally or through a liberal humus 
content. Excessive moisture is doubtless a factor 
in causing the plants to run to vine and drop their 
blossoms. Hence, in western sections, it is custom- 
ary to water thoroughly just before or just after 
setting the plants and then to avoid applications until 
the setting of fruit is well advanced. Thorough soak- 
ing is better than frequent light waterings, as it en- 
courages a better development of root system. 
Idaho) suggests three irrigations. Late irrigations 
tend to delay ripening of fruit, but this object is 
sought in the late fall shipping districts of Cali- 
fornia which find their best markets after eastern 
crops have been nipped by frost. Irrigation must 
be handled with care to avoid cracking of fruit, 
which occurs when soil becomes rather dry and then 
is heavily watered. Watering late in the season is 
said to make fruit watery and of poor quality. 

TRAINING AND PRUNING 

Probably no phase of tomato production is the 

subject of more argument than the question of stak- 
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ing and pruning. Growers attending meetings will 
stay up half the night to argue whether or no and 
to debate the details of their favorite methods. The 
practice is followed only for local market and for 
shipping tomatoes. Among the shipping sections 
that train and prune may be mentioned Crystal 
Springs, Mississippi; eastern Texas; Humboldt 
County, Tennessee; Marietta, Ohio; and Merced, 
California. Most of these sections follow the single 
stem plan. In southern Illinois growers tie to a 
stake without pruning. Some prune to two stems, 
a few to three. Pruning is seldom practiced with- 
out staking. The tomato naturally branches at each 
leaf and the number of sizable branches may range 
from six to fifteen or more. When the little shoots 
are nipped young, the growth is directed into the 
main shoot and a single stem plant, with its fruit 
clusters midway between the leaf bases, is the result. 
Plate IV. 

Pro and Con. ‘The advantages claimed for 
pruning and training are: 
Earliness. 
High yield per acre. 
Ease of cultivating and spraying. 
Ease of picking. 
No injury from snails and wire worms. 
Quality of fruit:—size, color, smoothness, and 

cleanliness. 

Crop finished earlier. 
Less sun-scald. 
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The disadvantages claimed are: 

Many plants required. 
Reduced yield. 

More blossom-end rot. 
Higher cost of labor. 
Cost and-care of stakes. 

The validity of each of these points varies greatly 
with conditions; in fact, the answer to the whole 
question depends largely upon the location and the 
ideas of the grower. In trying to reach a conclu- 
‘sion, it is well to realize that training makes certain 
1adical changes in the plant. It loses leaves through 
pruning, it is supported from the ground, and it is 
spaced differently. The «leaves manufacture the 
basic substance for themselves, and for the rest 
of the plant. Removal of leaves reduces the re- 
sources of the plant. H.C. Thompson has found 
that the root system is reduced about in proportion 
to leaf reduction. It is fairly clear that single-stem 
training greatly reduces the yield per plant, and 
other methods resuit similarly in proportion to the 
severity of pruning. When plants are spaced closely 
enough together the yield may be brought back to 
that of areas unpruned and unstaked. Idaho ®) ex- 
periments indicate that staking alone does not affect 
the total yield, but that it does favor early maturity 
under the different pruning systems. The disad- 
vantages of training are largely economic. Will the 
marketing conditions justify the extra cost of stak- 
ing and pruning? 
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Unpublished figures from Thompson’s notebook 
represent comparisons thrice repeated in each of 
four years. Untrained plants were set 4x4 feet and 
trained 2x3 feet. Marketable fruit weighed 242 
pounds from the former treatment against 220 
pounds from the latter for equal areas of land. The 
area of foliage per square foot of ground was twice 
as great where plants were untrained, but, calcu- 
lated per plant, it was five times as great. 

Both Georgia“®) and New York have found blos- 
some-end rot more prevalent in staked plants. Thomp- 
son found this trouble to be serious in only one year 
out of six, when records showed, on July 19, 1921, 
that the percentage of damaged fruit as compared 
with all fruit set was .6 per cent in the untrained 
plants, and 5.6 per cent in the trained plants. 

A number of experiments have been conducted to 
make comparison of the different plans of training 
and pruning. The net results depend largely upon 
spacing. Training to a single stem is at a disad- 
vantage when plants are spaced like normal plants; 
it may be advantageous if plants are set closely 
enough. 

Spacing varies widely in practice. In Merced 
County, California, plants are set as close as three 
feet by fifteen inches, requiring about 12,000 plants 
per acre. In the Marietta, Ohio, section,@” plants 
are set about four feet apart each way. 

The strongest advocates of pruning and training 
are men like Walter Marion of Circleville, Ohio, 
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W. S. Birch, of Plymouth, Michigan (now deceased), 
and the Garrahans of Wilkes-Barre, Pennsylvania, 
who have trade for fancy early home-grown fruit 
and who spare no pains to secure the finest possible 
product. Mr. Birch used overhead irrigation, set 
plants 1x4 feet, used a ton of dried sheep manure 
and a ton of 4-8-4 fertilizer per acre, and side- 
dressed twice with nitrate. He packed the tomatoes 
in 16-pound climax baskets and usually started the 
crop at $2.50 to $3 per basket and averaged about 
$1. In 1923 he secured 5,000 baskets from two 
acres. Of course, his production costs were cor- 
respondingly high. Mr. Birch found that staking 
made it possible to pick tomatoes three or four times 
as fast as when plants were permitted to lie on the 
ground. 


MvuLCHING 


R. A. Emerson ©?) in 1903 reported results of 
careful comparisons between vegetables that were 
cultivated and others that were mulched with straw. 
These results indicate that mulching gives good re- 
sults with tomatoes, both as to yield and quality. 
However, frost injury was more severe on mulched 
plats, and Emerson points out that the mulch should 
not be applied until the plants are well established. 


Mulching is recommended by a good many writers 
and growers and it seems to be practiced to some 
extent in Missouri. The advantages claimed are 
conservation of moisture and clean, fine quality fruit. 
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L. W. Purdum and Sons of Virginia use 4—5 tons 
per acre of wheat straw, staking their plants and 
irrigating. They report unusually heavy returns per 
acre under these methods. The Missouri people 
apply as much as sixteen tons per acre, making the 
cover five or six inches thick. The practice of mulch- 
ing, however, is not common, and the cost will likely 
prevent its general use. 


CHAPTER VII 
DISEASES AND INSECTS 


Wuite Chupp in his recent “Manual of Vege- 
table-garden Diseases”) describes thirty or more 
different diseases of the tomato, this can hardly be 
said to be one of our most “pestered” crops. At least, - 
in most regions diseases either have not seriously 
threatened the success of the crop or they are subject 
to clear-cut methods of control. Probably the most 
threatening disease of all has been the fusarium wilt, 
but this has become less disastrous with the develop- 
ment of resistant varieties and strains. Losses from 
septoria leaf spot are heavy, but bordeaux mixture 
serves to hold it in check. Chupp’s work gives a 
much fuller discussion of the diseases than is here 
possible and it includes an extensive selection of 
references. 

The insect enemies of the tomato are not nearly 
so serious as those of many of the other vegetable 
crops. 

SPRAYING AND DusTING 


Spraying must be considered not only for insect 
and disease control, but for its effect on the tomato 
plants. Bordeaux tends to induce increased vigor of 
foliage and to delay maturity of fruit, though it 
increases the total yield. 

The Virginia Truck Experiment Station®® has 
reported results of experiments with spraying and 
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dusting and finds little choice between the two. If 
the grower is already equipped for spraying, a 
change is not necessary, but if he is buying anew, a 
duster is recommended. A hand duster will take good 
care of a very considerable area, and dust is more 
easily handled and applied although the cost per acre 
is a little higher. The general program suggested by 
the Norfolk Station calls for 75 gallons per acre of 
bordeaux with 2 pounds of calcium arsenate per 50 
gallons of water every ten days, and they find that 
it is better to spray before the need appears. One 
dusting calls for 20 pounds of a mixture of 16 per 
cent monohydrated copper sulphate, 64 per cent 
finely screened hydrated lime, and 20 per cent cal- 
cium arsenate. Of course, amounts of either will de- 
pend upon the size of the plants. 

As with all plants, thoroughness must be the 
watchword in spraying or dusting. Timeliness, choice 
of weather conditions so far as possible, and cover- 
ing all surface lightly rather than throwing on heavy 
blotches of spray or dust all require careful at- 
tention. 

Experience must, of necessity, be the guide in 
shaping a program and costs must be carefully bal- 
anced against results. 

Wilt, Fusarium Wilt (Fusarium lycopersict) 
is perhaps the most serious of all the tomato 
diseases. Plate V. It is prevalent practically through- 
out the country, though it is not serious in the most 
northerly tomato regions. The causal fungus winters 
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in the soil, but may be carried by seed. It enters 
through the roots and closes the water passages of 
the plant, causing, first, rolling and yellowing of 
leaves, then temporary and, later, permanent wilting 
and death. Water vessels in the stem are discolored. 
The disease is often spread from infected seed beds. 
Its worst effects are not achieved until the plant is 
fairly large. As the fungus works within the plant, — 
spraying is of no value. Long-time rotation and the 
use of resistant varieties are the only practical con- 
trol measures. F. J. Pritchard“® of the U. S. De- 
partment of Agriculture has developed several re- 
ristant strains of merit—Marvel, Norton and Nor- 
duke being now well known. Others are Mar- 
vana, Marglobe and Marvelosa, which are 
resistant crosses of Marvel with Earliana, Globe and 
Ponderosa, respectively. Indiana, Louisiana, Mary- 
land, Delaware and other Stations also have made 
resistant selections. This control is quite effective. 
Globe is normally partially resistant. Early var- 
ieties sometimes yield fairly well before they suc- 
cumb. 

Leaf Spot, Septoria Blight (Septoria lycoper- 
sici). Pritchard and Porte‘®) say the loss from this 
disease amounts to a quarter million tons per year. 
Plate VI, 1. It prevails in practically all sections, but 
is less serious in the North, in some instances even 
helping the crop by opening up foliage and encour- 
aging maturity before frost. Further South, it re- 
duces the crop and permits sun-scald. The disease 
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appears on leaves as small, dark water-soaked spots. 
Later small black dots—the fruiting bodies—appear. 
The spots do not enlarge much, but they turn brown 
and increase in number, often practically defoliating 
the plant, beginning at the lower leaves. The fruit 
is not directly attacked. The fungus winters on 
refuse of tomato and related plants and is spread by 
wind, rain, workers and other means. The spores 
germinate only on moist leaves; hence, wet weather 
is favorable to the disease. 

Fall plowing, covering the vines completely, helps 
in control. Spraying with Bordeaux is standard 
practice, beginning with a weak solution in the seed 
bed and following this with standard strength in 
the field, applying weekly or, if the weather is fair, 
a little less frequently. Michigan®® reports no ad- 
vantage in favor of dusting, and the Virginia Truck 
Experiment Station®® finds spraying and dusting 
of about equal value. Copper soap mixture (14 pound 
bluestone, 3 pounds fish oil soap, and 50 gallons 
water) is suggested by New Jersey,“ but Virginia 
finds that it is not as good as Bordeaux. 

Blossom-end Rot. (No organism concerned as 
cause). This trouble first appears as a slightly 
darkened and watery spot at the blossom end of the 
fruit. The spot enlarges, darkens and becomes 
sunken, and the center often develops a very black 
velvety surface. H. P. Stuckey,“® of Georgia, made 
thorough tests to determine whether the trouble was 
caused by an organism, but, though he found an 
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abundance of bacteria present, he was not able to 
transfer the disease. Others have confirmed his 
findings. Stuckey tried many control measures with- 
out result except as he was able to control the mois- 
ture supply. Work) found ready increase or de- 
crease of the rot under increased or decreased water 
supply in box plants in the greenhouse. Blossom- 
end rot is worse in dry years and on dry ground. It 
is generally thought that it is the result of a physio- 
logical breakdown of tissue caused by the failure, 
for any reason, of water to reach the more remote 
parts of the fruit. Good tillage, additions of humus, 
and irrigation are all useful in control. 

Early Blight, Nailhead Rust, Brown Rust 
(Macrosporium solani). This fungus is the same 
as early blight of the potato. Reddish-brown spots 
appear on leaf, stem and fruit. It is much worse in 
wet seasons and on low land where growth is vig- 
orous and atmospheric moisture is abundant. The 
usual recommendation is spraying with Bordeaux, 
beginning in the seed bed, though this has not proved 
wholly satisfactory. As nailhead rust, the disease 
causes severe fruit losses in Florida, and special at- 
tention is being devoted to the problem. The variety 
Marvel has shown some resistance and this clue is 
being followed. 

Bacterial Wilt (Pseudomonas solanacearum), 
appears on the stem as dirty green and later brown 
and black spots, accompanied by wilting. It remains 
in the soil and is spread by insects, especially the 
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Colorado potato beetle. Related plants, as horse 
nettle, jimson weed and egg plant, also harbor the bac- 
teria. It enters the plant only through wounds and 
nematode injury. Care should be taken to avoid ex- 
cessive injury to plants in transplanting. Clean seed 
beds, rotation, and removal of infected plants are 
recommended. 

Bacterial Spot, Scab, Smallpox (Bacterium 
vesicaterium exitiosum). Gardner and Kendrick®® 
have described this disease as causing serious losses 
in Indiana and it has been found in other States. It 
spoils fruit for canning but not for ketchup. Infec- 
tion results from contaminated seed and the disease 
is spread in plant beds and by rain. Control is sug- 
gested by treating seed for five minutes in a 1 to 
3,000 solution of corrosive sublimate, washing for 
ten to fifteen minutes in running water. 

Mosaic. No organism has been definitely con- 
nected with the mosaic diseases of tomatoes, but they 
are highly infectious, being spread by means of what 
is called a “virus,” which passes the finest filters. 
Plate VI, 2 and 3. It is spread by insects notably 
aphids, which carry plant juice, and in the handling 
of plants, but it does not persist in seeds or in litter. 
It is wintered on horse nettles and three species of 
ground cherries. Control suggestions include 
roguing affected plants, eliminating weeds, and 
controlling carrying insects. The symptoms are 
widely various, the most common being mottling of 
leaves, stunting and malformation of leaflets, which 
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sometimes become fine ribbons or threads, curling, 
appearance of small brown dead areas, and spots and 
cracks on fruits. The Indiana bulletin on mosaic by 
Gardner and Kendrick is a splendid summary 
of what is known about tomato mosaic. 

Western Blight. The cause of this disease is 
unknown. It is prevalent in California, and is dis- 
cussed fully in Yaw’s survey report.@*) He says: 
“Western blight, as the writer distinguishes it in 
California, is characterized by the rolling, with an 
upward inclination, of the leaflets, which become 
stiffened and somewhat thickened. These stiffened 
leaflets have a suggestion of brittleness when pressed 
with the fingers. As the disease progresses in the 
plant, the leaves take on a peculiar sulfury-yellow 
color which is so characteristic as a symptom of 
Western blight that it can scarcely be mistaken for 
any other disease. The veins of the leaflets nearly 
always become purplish te deep purple in color, al- 
though this purpling of the veins should not be con- 
sidered as a necessary symptom of Western blight.” 
The trouble usually appears during hot weather, 
and there are indications that the water system with- 
in the plant is affected. The trouble does not seem 
to affect new plants late in the summer. In fact, 
affected plants are pulled and replaced and the re- 
plants are seldom affected. No control is suggested. 

The Streak Disease or Winter-blight, cause un- 
determined, but possibly bacterial, is found chiefly 
in greenhouses, but occasionally outdoors as well. 
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Leaves are dwarfed, and inclined to roll, brown 
streaks appear on stems, and the fruit also may be 
blemished. Control measures suggested are largely 
conjectural, including good cultural conditions, well- 
balanced fertilization, and the use of none but thor- 
oughly healthy plants. 

Late Blight (Phytophthora infestans) is the 
same as late blight of potatoes, though it is not nearly 
so prevalent on tomatoes. Dark, irregular, discol- 
ored spots appear on the leaves and stems; on the 
fruits they are larger and watery in appearance. 
Late blight only occasionally causes trouble, but 
sometimes growers are caught napping. Bordeaux 
spraying for other fungi will ordinarily control this 
disease. 

Leaf Mold (Cladosporium fulvum), appears 
most prominently on the under side of the leaf as 
illy-defined, pale spots, which later become velvety. 
It is more common in the greenhouse than out-doors, 
but is reported from Virginia and Florida. Spray- 
ing with Bordeaux is recommended. 

Phoma, Black Spot, Black Rust, Stem-end Rot, 
Fruit Rot ( Phoma destructiva), causes heavy 
losses in shipments from the South. It attacks the 
leaves but is most prominent on the fruit as dark 
brown and somewhat sunken spots. Spraying is 
suggested, as for early blight. 

Damping-off in seed beds is due to various soil 
fungi. It is controlled by careful and not too free 
watering, by good ventilation and by the use of clean 
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soil. Sterilization, with steam, formaldehyde solu- 
tion, or uspulun is effective if disease-free soil is not 
available. 

Minor Diseases. Leak (Rhizopus nigricans) 
causes heavy losses in shipment and is characterized 
by a heavy mold and rapid breakdown of fruit. 
Buckeye rot (Phytophthora terrestria) and brown 
rot (Rhizoctonia solani) are soil fungi which at- 
tack the fruit. Staking is about the only control as 
yet suggested. Sclerotia rot (Sclerotinia libertiana) 
attacks the stem at the soil and causes wilt and death. 
It is reported from Maryland to Texas—East and 
South. Anthracnose (Collectotrichum phomoides) 
is another fruit fungus resulting in a soft rot. Bor- 
deaux is recommended, but this mars the fruit and 
makes wiping necessary. 

Nematode Worms (Heterodera_ radicicola) 
cause root knots on tomatoes as on most other plants, 
with consequent weakening and wilting of plants. 
Control is difficult except by rotation with non-in- 
fected plants. Calcium cyanide plowed into the fur- 
rows is being tried out to clear seed beds of the pest. 
Great care must be exercised to avoid infested plants 
for setting. 

INSECTS 


The Fruit Worm (Chloridea obsoleta) is prob- 
ably the worst of the tomato insects, but is not prev- 
alent in the North. It is the same as the corn ear- 
worm or the cotton boll-worm, and bores into green 
or ripening fruits. It winters in the soil and fall 
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plowing is recommended for its control. Planting 
corn as a trap crop is also suggested. The Virginia 
Truck Experiment Station©® finds that the addi- 
tion of two pounds of calcium arsenate to 50 gallons 
of the Bordeaux used for disease control helps ma- 
terially. 

Cut-worms (various species of the family Noc- 
tuidae) cause severe losses at the time of field set- 
ting. They winter in the soil and are worse when 
sod has been plowed under, or following other host 
plants. Poison bran mash* is commonly used to 
combat them, using a spoonful to each plant. Hand 
picking and the use of paper collars are resorted to 
on a small scale. Well-hardened plants seem less 
subject to injury by these pests than tender plants. 


Colorado Potato Beetles (Leptinotarsa decem- 
lineata) can cause a world of damage to young 
plants. Arsenical spray or dust will ordinarily con- 
trol them. The old-fashioned potato bug (family 
Meloidae), is reported as troublesome in Missouri. 
When they appear in droves the only control is to 
drive them with brush. Arsenical spray or dust is 
of some value. 

Flea Beetles (family Chrysomelidae) are the 
little black jumping fellows that perforate leaves in 


*Bran, 20 pounds; paris green, one pound; cheap syrup, 
two quarts; water, 31%4 gallons. Place the paris green and 
the bran in a tub and mix thoroughly while dry. Dissolve 
the syrup in the water and mix this with the poisoned bran, 
stirring thoroughly—Sanderson and Peairs, Insect Pests 
of Farm, Garden, and Orchard. 
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plant beds and in the field. They are also accused of 
injuring blossoms and reducing the set of fruit. 
Their attacks upon young plants are sometimes 
ruinous. Bordeaux with arsenical serves as a repel- 
lant. Dusting with nicotine sulphate dust is also 
suggested. 

Green Tomato Worms, or Horn Worms (Philege- 
thontius sexta) have a great capacity for tomato 
foliage. Hand-picking and arsenical spray or dust 
are usual means of combat. The stalk-borer 
(Papaipema nitela) is a slender caterpillar which is 
reported as serious in Indiana. No satisfactory con- 
trol is suggested except clean culture around fields 
and pinching the stems to destroy the pest. 
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PLATE VIII—PACKING AND ADVERTISING. 
Above. A finished surface adds attractiveness to the pack. 
This is the diamond market basket which is much used on certain 
local markets. 
Below. Advertising tomatoes at the store-front. 
A two-color poster and a folder on the use of tomatoes are effec- 
tively used. 


CHAPTER VIII 
MARKETING 


MarkKETING is the culmination of any production 
enterprise. Growing and selling depend absolutely 
upon one another. The most skilful production is 
in vain if the marketing is not well done. On the 
other hand, the best methods of marketing cannot 
save an enterprise if yields are too low for economy 
or if the quality is not sufficiently high to command 
ready sale at favorable prices. 

When selling time comes, the grower has much at 
stake. It is difficult to grow an acre of cannery to- 
matoes and do it well for less than $100.00 to 
$125.00 and production for market costs correspond- 
ingly more, often reaching $200.00 or above. It is 
not hard to put another $100.00 into the acre if stak- 
ing and close planting are practiced. Market quo- 
tations nearly always appear in the form “$2.50- 
3.00,” or “$.60-.75,” or “$.20-.25,” per basket. The 
differences between the high and low quotations here 
indicated are sufficient to make the difference be- 
tween profit and loss on a crop of moderate yield 
per acre, and they may in many cases be accounted 
for by differences in quality of the product and 
method of marketing. 

The wise grower seeks to realize the highest quo- 
tation and highest profits. In shaping his operations 
to this end, he must carefully watch the cost of every 
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step. Here, as in plant-growing, motions are many 
times repeated and very little loss of time or waste 
of material is costly in the aggregate. 


HARVESTING 


The stage of ripeness at which tomatoes are 
picked depends upon the time and distance to mar- 
ket. For local market fruit may range from the first 
turn to almost fully colored. Fully ripened fruit 
will not stand handling and hauling and will quickly 
deteriorate, reaching the consumer in bad condition. 
For cannery the stage is about the same, perhaps 
ranging a little riper, especially if to be packed im- 
mediately. 

Most tomatoes for long-distance shipment are 
picked before color appears, that is, at the mature- 
green stage.“ This stage is apparent through the 
development of a rather glossy surface, the fading 
of green toward a whitish green, especially at the 
blossom end, and a marked brown ring at the stem 
scar or eye. The jelly-like or mucilaginous material 
in the seed cells has sufficiently developed at this 
stage so that fruits can be sliced without cutting 
seeds. 

One of the great difficulties in tomato harvesting 
is to judge this stage correctly, and to bring cheap 
labor to pick accordingly, the tendency being to pick 
by size. Fruits picked too soon do not properly 
ripen, no matter what the time or temperature, and 
their color and flavor can never be good. The pres- 
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ence of such fruits in a pack results in uneven ripen- 
ing and frequently necessitates repacking at terminal 
markets. This all reacts against the returns to the 
shipper. 

C. E. Sando®) has found that tomatoes ripen 
quite uniformly, regardless of size, at a certain age, 
dating from the setting of the fruit. This time, 
which, of course, varies according to weather condi- 
tions, was eight weeks when the studies were made. 
Ripening is accompanied by an increase in moisture, 
acids and sugars, with decrease of solids, nitrogen, 
starch, pentosans, crude fibre and ash. Sugars in- 
crease from about a quarter to about half of the dry 
weight. Chemical analysis did not show differences 
sufficient to account for the difference in quality 
between vine-ripened fruit and green fruit ripened 
in the laboratory. Fruits picked green and ripened 
without wrappers are superior both in taste and in 
chemical composition to fruits ripened in paper 
wrappings. Lack of ventilation seems to be detri- 
mental. Sando holds that, if it were feasible to 
pick at the slightest turn of color and to ship under 
refrigeration, marked improvement in quality at the 
market would result. This would necessitate more 
frequent and careful picking and so result in higher 
cost. 

The fruits as picked may be ripened to the turning 
stage before sorting and packing if the weather is 
cool, but in warmer weather shipment must be made 
within a very few days. Placing fruits in a ripening 
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room at 75° to 85° causes rapid development of 
disease infections and bad fruits are then discarded 
with resultant better condition at the terminal 
market. 

Picking in the field calls for the closest care and 
supervision to prevent damage to the fruits and 
vines. Stems should be removed to avoid punching 
other fruits, and long finger-nails do great harm by 
cutting the skin and admitting infection. Containers 
should not be too large to be handled conveniently. 
Round half-bushel stave baskets and galvanized 
pails are excellent. Baskets made of quarter-inch 
staves rather than veneer are smooth and durable, 
but the investment is rather heavy unless dumping 
is resorted to. In practice, all sorts of boxes and 
crates are used, often the package that is used for 
marketing. No container as deep as a bushel basket 
should be used. 


GRADING 


It is generally true that at market the poorest 
products in a given lot fix the price. When the buyer 
finds a few inferior specimens he assumes there are 
many more. Imperfect and diseased specimens in- 
fect others. Grading enhances the appearance of 
the pack. 

In Florida, machinery has been devised for dip- 
ping tomatoes in a disinfectant solution, rinsing and 
wiping and and then grading mechanically. In many 
packing houses in various shipping regions the equip- 
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ment consists of canvas-bottomed padded bins for 
hand-sorting, with or without conveyor belts. (See 
Plate VII.) 

U. S. grades, backed by shipping point and ter- 
minal inspection, are proving an inestimable boon 
to long-distance shippers, eliminating questions of 
condition and responsibility, and making f.o.b. sales 
possible.* 

For local market, grading, so far as it goes, is 
usually done in the field. A good job, however, 
necessitates sorting at packing tables. For manu- 
facture only one grade is ordinarily made, but the 
U. S. Department of Agriculture has established a 
set of grades for cannery tomatoes. Mills‘) re- 
ports a test of grading in actual factory practice, in- 
dicating that canners can well afford to offer a 
premium for quality, because there is less waste and 
the canned product is of higher quality. 


PACKAGES AND PACKING 


A package should afford adequate protection for 
the contents, should be well constructed so as to ar- 
rive in good condition, should be of such design that 
it can be easily packed, handled and stored, should 
be adapted to the form of transportation in use, 
should be of attractive appearance, and not too ex- 
pensive. 


*Standards are tentative, and current specifications may be 
had on application to the U. S. Department of Agriculture, 
Washington, D. C. 
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The main requirement in packing is security 
against movement. Shifting does far more harm 
than pressure; in fact, green tomatoes are packed 
very tightly. Unswerving uniformity is essential 
and skill is required to bring a pack to the top of 
the container with the smooth finish which makes 
for attractive appearance. (Plate VIII, 1.) 


The leading tomato shipping packages are the 
following: 


Contents Number per car 
Four basket carrier 20 lbs. 900-1100 
Six basket carrier 30 Ibs. 500 
California lugs 30 Ibs. 550-650 
NSconOracratessroonlps: 400-560 
12 Qt. Climax basket 20 ibs. - 960-1100 


The first two contain four-quart till baskets, the 
others are packed directly. Fruits in the South and 
West are usually wrapped, the packing being done 
on shelves or benches at the sides of the grading 
tables. 


Many different packages are used for local mar- 
ket. Boston uses the standard bushel box; part of 
New Jersey packs in a characteristic style of crate 
of 20, 27 or 32-quart capacity, while the Philadel- 
phia territory clings to the 54-bushel brace hamper 
in spite of its depth, its awkwardness in loading, and 
the fact that it is an odd size. Many markets use 
10, 14 and 16-quart peach baskets ; and round bushel 
baskets are too common, being too large, and tend- 
ing to crush the fruits at the bottom. The 16-quart 
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diamona market basket, and others of the same gen- 
eral style which are popular on certain markets are 
good, as is also the climax basket. Buffalo growers 
use a half-bushel box of about the same shape as 
the Boston box. (Plate IX.) 

There is room for vast improvement in local mar- 
keting of tomatoes. Too often the fruit is offered 
unsorted, dirty, in old returnable packages, and with 
no attempt at definite pack or finish. High prices, 
as well as ability to move quantities when markets 
are over-supplied, in many cases amply justify some 
extra outlay. Curiously enough—or naturally enough 
—the man who goes to the extra trouble usually has 
operations well organized and so makes up at least 
part of his extra cost in efficiency and economy. 
While washing is to be avoided on account of pos- 
sible cracking and loss, dirty fruit is under a grave 
handicap. Herein lies a point against heavy soils 
and in favor of staking. Fruit can be wiped at very 
little cost, using cloths dipped from time to time in 
vessels of water, and wrung as dry as possible. When 
there is not much dirt, dry canton flannel serves well. 
Some packers use gloves made of this material, 
either in the field or the packing shed. 

Certain produce dealers at terminal markets re- 
ceive tomatoes, and sort, ripen and repack them, 
eliminating green, immature and diseased specimens. 
One house in Kansas City uses a fibre carton and an 
attractive label with its own brand, “Heart of Amer- 
ica,” and ships over a considerable territory. This 
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practice might be unnecessary if the crop were 
properly grown and handled at the shipping end. 


LoaDING 

Green fruit is ordinarily shipped in ventilator 
cars, while pink stock (just turning red) is usually 
refrigerated in transit. Great care is necessary in 
loading to guard against shifting in the car. Strips 
are laid between layers and they are alternately. 
butted against the two walls to provide against side 
movement, sometimes being lightly nailed to the 
crates. Air spaces are left lengthwise and the ends 
of the crates are butted together. If space is left at 
the middle, proper bracing is essential. 

A shipper who has seen, at the terminal, a car in 
which the crates have been tumbled about, is for- 
ever cured of neglect in this regard—assuming that 
the returns were not sufficiently convincing. The 
same thing applies to the use of flimsy and poorly 
nailed packages. 

The freezing point for tomatoes has been de- 
termined to be between 29.78 degrees and 30.70 
degrees Fahrenheit, by Harvey and Wright,@1) who 
examined nineteen varieties using both green and 
ripe samples. The fruits will not freeze—that is, 
actually form ice—when considerably undercooled, 
provided they are not disturbed or jarred. Low tem- 
peratures above freezing for four or five days are 
reported by Diehl to have no effect upon the later 
ripening of fruit, contrary to common opinion among 
dealers and packers. 
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SELLING 


Success in selling demands in the producer the 
qualities which we ordinarily expect in the business 
man. The good grower is a business man if he suc- 
ceeds, and this will be more true in the future than 
in the past, as competition increases. It is neces- 
sary to judge men, forming estimates as to reliability 
and character. Mutual confidence is essential to sat« 
isfactory dealings. It is worth while to study the 
produce business and to learn its ins and outs, read- 
ing a trade paper, talking with dealers, and making 
trips to markets. 

Shipments are made on “f.o.b.” or track sale, on 
consignment, or on joint account. The first plan is 
the most desirable and is possible where there is 
enough business at a given point to attract buyers or 
where grades and business standing are well enough 
established to assure the purchaser of what he is 
getting. When the quality of the product is uncer- 
tain or when markets are glutted, consignment must 
be resorted to. Under this plan the shipper owns the 
goods until the receiver makes a sale and all the 
risks up to this point are his. There are many con- 
signment houses of high character if the shipper will 
take the trouble to find them instead of shipping to 
any one who writes a good letter, and there is vigor- 
ous competition in the trade. These factors make it 
possible to secure fairly good service most of the 
time. Joint account selling, where shipper and re- 
ceiver agree on how returns shall be divided, is 
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sometimes undertaken where mutua: acquaintance 
justifies it. 

Selling on distant markets is more complex and 
difficult than local selling for many reasons. Shov- 
ing crates off the wagon into the car and forgetting 
them is not selling. Co-operative organization has 
helped many communities through pooling of re- 
sources, standardizing, grading and packing the 
product, encouraging better field practices, and se- 
curing the services of able managers and salesmen. 

Local Selling. A very small amount of -produce 
is sold directly to the consumer at his home, but the 
roadside market has greatly developed retail activity 
by growers. Here fine quality, attractive appearance, 
moderate prices, and fair dealing are effective in 
building business. Stands that plan to “fleece them 
as they pass” do not last long. It is the return busi- 
ness that counts. The bulk of local selling is done 
directly to retailers—grocers or hucksters—either at 
market or store-door. The costliness of this system 
is being realized and local commission business is 
growing, in many cases through the establishment 
of commission houses co-operatively owned and 
managed by growers, as in Providence, Cleveland, 
Chicago and other markets. 

Increasing attention is being given to the possi- 
bilities of labeling and advertising as a means of in- 
creasing the consumption of tomatoes and of other 
vegetables. The Vegetable Growers’ Association of 
America and the Market Growers’ Journal have 
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fostered the idea and have made posters, leaflets and 
labels for local use. (Plate VIII, 2.) Just now, the 
National League of Commission Merchants is spon- 
soring a movement to enlist all who are interested in 
wider use of vegetables and fruits in a national 
campaign of advertising which should be of great 
service directly and as a background for local effort. 


CANNERY SELLING 


Cannery sales are generally made a. a stipulated 
price on contracts closed in advance of planting. 
These contracts have usually devoted more words 
to protecting the interests of the packer than those 
of the grower, largely because the grower has ac- 
cepted the canner’s initiative with little question. 
Far-seeing companies have been fair in enforcement 
of terms and liberal in their dealings, realizing that 
prosperity must be mutual for the highest success. 
Two canners at Marshfield, Missouri, have contract 
provisions that enable the grower to share in prices 
realized for the packed product when they rise be- 
yond a certain figure. Too many canners have lacked 
vision, however, and have taken all they could get. 
Farmers have known little about costs and so have 
frequently been lured by the prospect of cash re- 
turn even though they see no money until the packed 
tomatoes are actually sold. During recent years 
much has been learned about the business side of 
growing for cannery purposes and the knowledge 
has been made available through extension channels. 
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Growers have shown a marked tendency to organize 
and some canners welcome this movement as helping 
them to set their affairs on a plane of definite under- 
standing. Canners have suffered sadly through fail- 
ure of growers to live up to contracts if it suited 
them better to evade the terms, and organization 
helps greatly to develop the producer’s sense of re- 
sponsibility. Indiana has just formed a federation of 
locals, but an organization movement in another 
state failed, more because the directors and members 
did not live up to their duties than through opposi- 
tion of certain hostile canners. Co-operation in this 
field has the same possibilities, requirements and 
dangers as in other fields. With time and experi- 
ence, co-operation will be an increasing and bene- 
ficial factor in the business. 

In some sections, most of the cannery tomatoes 
are sold on open market, and in others, the early 
part of the crop is free for local sale or shipment. 
This arrangement would seem to have possibilities 
for further development by the use of good plants 
and good culture. 

Certain sections in California ship green fruit, sell 
ripe stock locally and deliver “‘cat-faces,” or ill- 
shaped fruits, to the ketchup factory. 


CHAPTER IX 
YIELDS, COSTS AND PROFITS 


In a brief discussion, a chapter under this title 
can be of comparatively little value. The range of 
conditions and methods is so wide and there is so 
much variation from year to year that only the most 
general ideas can be offered. While there are a few 
good publications, there is great lack of actual data 
carefully gathered by survey and accounting 
methods. 

Government information service on acreage, yield, 
price and market is rapidly improving. The Year 
Book ; the weekly publication, “Crops and Markets ;” 
daily and weekly press releases; and annual sum- 
maries of the “deals” in various regions, all from 
the U. S. Department of Agriculture, assemble and 
disseminate the facts as far as they are now avail- 
able. Care must be used in interpreting figures, 
however, for fluctuations from year to year are wide. 
Also, some price reports are averaged without taking 
account of the quantities involved. Thus, one obser- 
vation at $1.00 a bushel may be averaged with an- 
other at $.50, the one representing a small local mar- 
ket-garden movement; the other car-lot shipments 
from a great producing center. This is not a crit- 
icism of the statisticians, but a warning that the 
reader must learn to understand the meaning of re- 
ports. 

The figures, given below, were gathered in Mon- 
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mouth County, New Jersey,“ for 1914 and they 
probably represent reasonably well the range of 
yields of tomatoes. The ton-yield is high for that 
territory on account of one very successful grower 
with a large acreage: 
36 farms growing for canners: 15 farms, under 5 tons; 14, 
5—8 ton; 7, over 8 tons; average, 7.9 tons. 
130 farms growing for market: 31 farms, under 200 crates; 
, 200—400 crates; 28, 400—600 crates; 6, over 600 
crates; average, 300 crates (presumably bushel). 
48 farms growing for market: 3 farms, under 200 baskets; 
O—400 baskets; 13, 400—600 baskets; 5, over 600 
baskets ; average, 412 baskets (5/8 bu.). 

L. C. Corbett™ reports yields as high as 1,200 
bushels per acre on measured areas in Michigan, 
and crops of 35 tons per acre have been reported on 
credible information. A crop of 25 tons per acre for 
cannery is very exceptional and 15 tons is not com- 
mon. The country-wide average for cannery has 
ranged around 4 to 5 tons for the past three years, 
but this, of course, includes thousands of unstuccess- 
ful growers and such yields are not satisfactory to 
a good producer any more than 16 bushels of wheat 
would please a good Oregon farmer. Sixteen patrons 
of a cannery in Southern Indiana, with poor land, 
in 1924, were able to join a “Ten Ton Club.” 

Other yield figures will be found in connection 
with costs in succeeding paragraphs and in table 1, 
page 18. 

Few growers keep accurate account of their costs 
of production. This task calls for some time and at- 
tention, but it is possible to keep a record in a gen- 
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eral way of the outlay without any elaborate system 
of bookkeeping. It is just as important to eliminate 
the unprofitable crop from the farm enterprise as 
it is to sell the cow that does not pay her board. 
Good growers should encourage cost accounting on 
the part of all their fellow producers, for this will 
help the man who loses money every time he plants 
to retire from the game to his own advantage and 
the benefit of the tomato industry. 

App and Waller“®) took records on an average of 
230 New Jersey farms during each of three years— 
1918-20. Mills and Norton * 1%) surveyed tomato 
production on 133 New York farms in 1920. The 


results are summarized in the following table: 


New Jersey New York 
3-year average 
Dollars per acre Dollars per acre 


Seeustaned plants: 5-<'o.c-2 en 3.58 21.98 
Fertilizer and manure*........ 33.40 19.58 
Riri ADOE Porno soetcn nies 2 ete 40.45 26.19 
Horse labor and equipment 

CACO CM er teste eA Aayels 28.16 21.76 
WISEROT ANG on oe seas. nee ese 10.18 13.60 
Marketing costst.7-.0-.0.0+ #3773 *59.20 
Minor “items. sx03 cee es cen. 4.57 2.28 
Goste Per. ACEC! “cs silenas ciersterere $124.06 $164.59 
SGstaetitON wes nee Ane te kes 2s 2 25.58 18.88 
WaeldPsold’*. ssac.s% Hee ota OF 485 Ton 8.72 Ton 


*Obviously the two surveys did not divide marketing time 
in the same way. 

The influence of yield upon cost per ton is strik- 
ingly brought out in both surveys. Costs and prices 
may change but this principle still holds. In New 
Jersey in 1920 (a year of high costs) the cost per 
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ton for yields under 3 tons was about $43.00; 3—5 
tons, $30.00; 5—7 tons, $24.00; 7—10 tons, $19.00; 
over 10 tons, $18.00. In New York the same year, 
yields of less than 8 tons cost $26.00 per ton; 8—II 
tons, $18.00; over II tons, $15.00. 

Records of 11 farms in Maryland in 1919 showed 
an average cost per acre for cannery tomatoes of. 
about $78.00. The yield was only 2.62 tons on ac- 
count of weather conditions. The same publication 
gives a three-year record in detail for one farm, the 
- average cost per acre being $160.00; the yield 477 
bushels, or about 12 tons; the selling value, $362.00 
per acre; and the profit $202.00. 

The New York Packer gives figures purporting to 
represent a ten-year average for the Crystal Springs 
region of Mississippi, though they are apparently 
not the result of a statistical survey. The cost per 
acre of tomatoes for shipment is set at $177.00, 
yield at 245 crates, gross return at $215.60, and net 
at $38.60. The crop is grown single-stem on stakes. 

The Department of Agricultural Economics and 
Farm Management of Cornell University has cost 
records maintained for many years on a farm in 
western New York. During a six-year period up to 
1923, yields for city market ranged from 4 to 15 
tons per acre, selling for $196.00 to $642.00 per 
acre. The costs run from $153.00 to $338.00 and 
net from $34.00 to $302.00 per acre. These figures 
serve to illustrate the wide fluctuations that prevail 
even on the farms of the best growers. 
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CHAPTER X 
VARIETIES AND SEED 


It is strange that a crop so important and so inter- 
esting as the tomato has not hitherto been the sub- 
ject of a thorough variety study as have beans, let- 
tuce, potatoes and other vegetable crops. There have 
been many descriptions, but few critical comparative 
examinations of the material and few attempts at 
classifications and keys. (Plates X and XI.) 


Wwe Rance In Tomato TyYPEs 


The tomato offers a wide variation in type, from 
Currant to Ponderosa. Sizes run from half an inch 
to five or six inches in diameter; forms include flat 
(round or oblong in cross section), globe, oblong, 
oval, pear-shaped ; interior shows from two to many 
cells; colors include pink, red and yellow. The flesh 
of pink and red tomatoes is essentially the same in 
kind of pigment, but the skin of the former is color- 
less and of the latter is yellow. The red coloring 
material of the tomato is called lycopersicin.“” 
Performance characters differ as widely as type 
characters but are more difficult to observe and study 
and require careful experimental comparisons for 
their determination. This treatise must be brief and 
will not attempt complete descriptions, touching only 
upon the salient points of type and adaptation. 

It must be borne in mind that differences in strain 
are as important as differences in variety, particu- 
larly as regards performance—yields, earliness and 
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the like. This statement does not concern merely ex- 
cellence of strain but suitability to the purpose of 
the crop and to the locality and for other special re- 
quirements. There is always, in judging tomatoes, 
some confusion between excellence as a tomato and 
excellence for the variety in question. If it were not 
for a few ear-marks, an Earliana might become so 
good a tomato that it would no longer be an Earliana. 
Also some characters do not receive attention in 
selection work. One breeder may give little notice to 
the number of cells and character of interior with 
the result that there may be a wide range in these 
characters, while form and color may be very uni- 
form. 

The main commercial tomatoes may be thrown 
into four groups, headed more or less arbitrarily by 
Earliana, Bonny Best, Stone and Globe. There are 
many varieties that do not fit this grouping but they 
are mainly of secondary importance. 


LEADING VARIETIES 


Earliana is the leading early tomato for local mar- 
ket. It is not a good shipper, tends to roughness, 
does not bear long, and lacks the vigor of vine neces- 
sary for the heaviest crops. Its early maturity 
coupled with the improvements that have been made 
in strains have kept it among the money-makers. 
Improved strains have been brought out by a num- 
ber of experiment stations, seed-houses and private 
breeders. Earliana is red, with color not too well de- 


TOMATO PRODUCTION II5 


veloped about the stem end, and showing a star of 
rather distinct rays at the blossom scar. The form 
is flat to flattened, and usually oblong in cross sec- 
tion with a marked tendency to irregularity. The 
newer strains show fruits that are more nearly 
round, with a tendency to a point at the blossom end. 
Size is medium to large. The interior is character- 
istic, showing many small irregular cells, with thin 
walls and rind. The plant makes small growth and 
leaves are small, cut and little crumpled. (Plate XII.) 
The Bonny Best Group includes two other well- 
known names—Chalk’s Early Jewel and John Baer. 
These supply most of the canning and market to- 
matoes where the season is too short for Stone and 
are widely used further south as well. A comparison 
of say fifty strains of these varieties would reveal 
practically all types of the three under each. The 
old type (originator’s strain) of Bonny Best is sec- 
ond early, red, flattened to almost globular, and of 
medium size. The interior shows few cells, with 
thick walls and rind. Large specimens show flatter 
form with a tendency toward oblong cross-section 
and a larger number of cells within. These speci- 
mens are more characteristic of Chalk’s Jewel, which 
is perhaps a little later and heavier yielding. John 
Baer is regarded as practically the same as Bonny 
Best, though perhaps a little earlier. The vines of all 
are heavier than Earliana but lighter than Stone. 
Stone and Its Selections are the main reliance for 
canning and market where the season will permit, 
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from the latitude of New Jersey and central Indiana 
southward. This is a late red variety, flattened, very 
stnooth and perfect in shape and color, of medium 
to large size, possessing a fine solid, well-colored in- 
terior, a moderate number of cells, and thick walls 
and rind. There are many varieties that are more or 
less similar. Greater Baltimore is a favorite for 
cannery. The Indiana station has selected wilt 
(fusarium) resistant strains of this. Norton and 
Norduke are also wilt-resistant selections of Stone. 
Matchless is very heavy growing, a little later, more 
flattened and more oblong in cross-section, larger, 
and heavier yielding. 

Globe and Its Relatives are the leading sorts in 
the shipping sections of the South, being thick- 
skinned, solid and good carriers. It is second-early 
to mid-season, pink, round to flattened globe, very 
regular and smooth, of medium size, and tending to 
crack rather badly when exposed to rain. As it is 
picked green, this does not cause serious trouble in 
the South. The interior consists of a medium num- 
ber of cells and the flesh is thick. Foliage is rather 
light. 

Early Detroit is rather distinct from Globe, be- 
ing flatter and earlier. Gulf State Market is a widely 
planted selection from Early Detroit, and is even 
earlier than the parent sort, producing somewhat 
smaller fruits. Cooper Special grows very com- 
pactly, making picking easy. Its rather short, erect 
habit tends to keep fruits off the ground. 
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Beauty and Trucker’s Favorite are slightly later 
pinks which are not grown as extensively as in years 
past. 

The “Beefsteak” Tomatoes are popular for those 
who want a large and very meaty tomato for home 
garden. Ponderosa is the best known. It is late, 
pink, very large, flat and rough in shape, does not 
color very well, and yields rather lightly. The in- 
terior shows many very small cells and it is a very 
light seeder. It is less acid in flavor than most to- 
matoes. It is at its best when staked and pruned. 
Enormous, Crimson Cushion, and Colossal are all 
red tomatoes of the same general type. 

Dwarf Stone and Dwarf Champion are red and 
pink, respectively, and are borne on sturdy upright 
vines of small size but with dense, dark, crumpled 
foliage. Magnus is a pink tomato, representing the 
potato-leaf type, having leaflets that are less finely 
cut than the ordinary sorts. Whole-salad is a small 
prolific variety suited for serving un-cut. Peach has 
a hairy surface and a blush quite suggestive of its 
namesake. For preserving there are red and yellow 
tomatoes in round, plum and pear shapes. The lead- 
ing yellow of standard size is Golden Queen. 

The Husk Tomato or ground cherry is not a 
tomato at all but belongs to the genus Physalis. 


Tue SEED OF THE TOMATO 
The tomato seed is flattened, and short-oval in 
form, covered thickly with short silky hairs. The 
embryo is coiled in a spiral and imbedded in the 
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endosperm (plant food supply). Three or four years 
is generally given as the life of the seed, but valu- 
able stock seed is often held as long as ten years. 
Good seed should germinate 85 to 90 percent. 

Seed is saved wherever tomatoes are grown, but a 
large share of the commercial crop is grown in New’ 
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Jersey, California and Michigan. The flower is self- 
pollinated in the main and pollen does not carry far. 
Insects play comparatively little part. Pollination is 
necessary for normal development of fruit as well as 
for production of seed. Lesley* reports less than 
3 per cent of hybrids when Magnus (potato-leaved) 
and Dwarf Champion were planted side by side. 
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*Jour. Hered. v. 15, pp. 233-235. 1924. 
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Selection Methods. Many growers find it profit- 
able to save their own tomato seed. The plant is an 
annual, the important characters are quite readily 
observed and natural crossing is not serious. For 
these reasons the proposition is not as difficult as 
with most vegetables, although, if done well, it makes 
heavy demands in labor and care at a time when the 
grower has much else to do. 

The first step in selection is to establish clearly the 
ideal to be sought, recording it in detail on paper for 
future reference. Selections should be made on the 
basis of the plant, not of the individual fruit. It is 
the plant that is reproduced and the seed from 
“crown clusters” is no earlier than seed from later 
settings. The field should be searched soon after 
blooming time and plants that appear promising 
should be marked. These plants should be examined 
three or four times as the season advances, and 
markers pulled from plants that do not measure up 
to the standard. Suppose ten plants remain; all 
fruits from each of these may be saved, keeping the 
seed of each plant separate. All or part of the seed 
may be planted in separate rows the next year for 
further selections and to note which parents best 
transmit their excellent points. If only a small 
amount of seed is required, direct selections may be 
made for use in plantings for the general crop. If 
a larger amount of seed is required, seed from one 
or two of the best plants should be planted in mul- 
tiplication plats. Off-type plants should be removed 
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from such plantings, but otherwise all the seed may 
be saved for use. Repeated selection results in con- 
stant improvement until the stock becomes a “pure 
line” or practically so. 

Huelson‘®) has prepared an excellent bulletin on 
selecting and saving seed of tomatoes. Halstead and 
Groth“) made hundreds of crosses in New Jersey 
and the tomato has been a favorite subject for genetic 
study. C. E. Myers‘®®) is the author of a recent 
bulletin which emphasizes the necessity for careful 
weighing and counting and careful statistical analysis 
if differences are to be definitely recorded. The work 
of growers who are seeking wilt-resistant strains 
has brought about important improvements in other 
respects. 

Seed Saving: Tomatoes for seed are usually 
ground up and the seed and fine pulp are separated 
from the skins and coarse material by screening. 
The juice, fine pulp and seeds are allowed to fer- 
ment from 24 to 48 hours, or until the jelly-like pulp 
is readily washed away. After washing, the seed is 
dried in thin layers and stored. A bushel of tomatoes 
may be expected to yield 274 to 4 ounces of seed, 
though this varies greatly according to varieties. 

Wellington*») and others have shown that first 
generation seed from crosses of suitable varieties 
show a marked increase of vigor over either parent 
or over the later generations. This fact would seem 
to offer possibilities in practical use, but it has not 
thus far proved of value. 
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Accounts, 110. 
Acids, 14. 

Acreage, 17, 18, 20. 
‘Advertising, 107. 
Analysis, 13, 99. 
Anthracnose, 94. 
Arsenic, 95, 96. 


Bacterial spot, 91. 

Bacterial wilt, 90. 

Baskets, 100, 102. 

Black Spot or Black Rust, 93 
Blocking, 34, 43, 74. 

Blossom cae Hee 82, 83, 89. 
Bone meal, 59. 

Bea 86, 8 90, 93, 94, 95, 


96. 
Boxes, 100, 103. 
Brown rot, 94. 
Brown rust, 90. 
Buckeye rot, 94. 


Calcium cyanide, 94. 
Canning, 12, 20, 24, 28, 59, 62, 
Ae OTF 98, 101, 107, 110, 112, 


115, 
Carbohydrates, 40, 66, 99. 
Check row, 74. 
Chili sauce, 13. 


Climate, 25, 69, 72, 73, 79, 89, 


92. 
Coldframes, 32, 
Colorado potato foun 91, 95. 
Commercial importance, 18. 
Condiments, 12. 
Consignment, 105. 
Contracts, 107. 
Cooperation, 30, 106, 108. 
Copper soap mixture, 89. 
Corrosive sublimate, 91. 
Costs, 97, 107, 109, 111. 
Crates, 100, 102. 
Crosses, 118, 120. 
Crop plant, Ge 
Cultivation, 77, 81. 
Cutworms, 22, 41, 95. 
Crop and market "reports, 109. 


Damping-off, 34, 93. 
Dirt bands, 33, 43, 74. 


Diseases, 22, 29, 34, 45, 86, 100. 


Disinfectant, 100. 
Drainage, 25, 57, 58. 
Dusting, 86, 9 


Earliness, 28, 54, 61, 79, 81, 113. 


Early blight, 90. 
Equipment, 32. 


Fertilizer, 30, 35, 48, 56, 58, 61, 
64, 84, 

Fertilizer recommendations by 
states, 61, 62, 63 

Flats, 33, 43, 74. 

Flea beetles, 69, 95. 

F. o. b. sale, 105. 

Food value, 13. 

Formaldehyde, 94. 

Freezing point, 104. 

Frost, 26, 28, 72, 73, 84. 

Fruit, failure to set, 26, 69, 96. 

Fruit rot, 93. 

Fruit worm, 94. 

Fusarium, 22, 29, 34, 86, 87. 


Grading, 100, 105. 
Grading machines, 100. 
mehr ey 20; 26, 32, 43, 92, 


Green manure, 25, 47, 57, 72. 
Green tomato worms, 06 
Ground cherries, 91, 117. 


Habit, 21. 


‘Hardening, 31, 41, 43, 95. 


Harvesting, 98 
History, 9. 

Horn Worms, 96. 
Hotbeds, 32, 43. 
Hybrids, 118, 120. 


Insects, 86, 90, 21. 
Intercropping, 23. 

Internal relations, 64. 
Irrigation, 69, 79, 84, 85, 90. 


Joint account, 105. 
Ketchup, 13, 91, 108. 


Labor, 29, oo 58, 78, 82, 97, 111. 
Late blight, 

Leading a 17. 

Leaf mold, 93. 

Leaf spot, 72, 88 

Leak, 94. 

Light, 26. 

Lime, 24. 

Loading, 104, 

Lycopersicin, 113. 


Manure, 22, ee 475, D5 ;mOAs LOS 
725 Si, 84, 11 

Market ous Journal, 107. 

Marketing, 97, f 

Mats, 32. 
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Maturity, 79, 86. 
Moisture, 25, 34, 36, 41, 50, 58, 
70, Beas 79, 30, 84, 90. 


Mulch, soil, 78. 


Nailhead rust, 90. 

National League of Commission 
Merchants, 107. 

Nematodes, 29, 34, 45, 91, 94. 

Nicotine sulfate, 96. 

oe of soda, 42 51, 64, 67, 
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Nitrogen, 49, 62, 64, 66, 70, 99. 
Nutrients, 35, 70. 
Nutrition, 64. 


Open beds, 29, 

Origin, 9. 

Packages, 101. 

Packing, 101. 

Phosphorus, 52, 62, 64. 

Phoma, 93. 

Picking, 74, 81, 100. 

Plant growing, 28. 

Planting, 72. 

Plants, 58, 93, 95, 111. 

Plants, buying, 45. 

Plants, cost of, 44, 46. 

Plants, southern, 45. 

Plowing, 72, 89, 95. 

Poison bran. mash, 95. 

Popularity, 15. 

Pollination, 69. 

Potash, 54, 62, 64. 

Potato bug, 95. 

Pots, 33, 43, 74. 

Preceding crop, 17, 20, 22, 97, 
109. 

Production, 17, 18. 

Profits, 109. 

Pruning, 40, 74, 80. 

Publications, 109, 123: 

Puddling, 75. 

Puree, 12. 
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Refrigeration, 99, 104. 
Repacking, 103. 
Reproduction, 66. 
Ripening, 98. 

Roadside market, 106. 
Rotation, 21, 88, 91, 94, 
Rynning to vine, °6i, 80 


Scab, 91. 

Sclerotia rot, 94. 
Season, length of, 26. 
Seeds, 111, 113, Hae 


42, 74. 


Seed, ornare needed, 36. 

Seed beds, 9 

Seed production, 26. 

Seed saving, 120. 

Selection, 118. 

Selling, 105. 

Septoria, 86, 88. 

Shading, 26. 

Shipment, 17, 81, 98, 101, 105, 
112, 116. 

Shipping season, 19, 

Smallpox, 91. 

mod land, 225157; 

Soil, 23, 29, 34, Pom “GI. 72, 93. 

Sowing, 30, 36. 

Spacing, 74, 83, 97. 

Spotting boards, 39. 

Spraying, 8 

Staking, 7 80, 85, 94, 97. 

Stalk-borer, 96. 

Statistics, 17 or 18. 

Stem end rot, 93. 

Sterilization, 94. 

Strains, 113. 

Streak Disease, 92. 


Temperature, ae 41, 99, 
Ten Ton Club, 110 

Thrips, 69. 

Tomato in foreign languages, 10. 
Tomato paste, 

Training, 80. 

Transplanting, 38, 43, 74, 75. 
Transportation, 104. 


Upsulun, 94. 
Use, 11. 
U. S. grades, 101. 


Value, 17, 18, 47. 
Varieties, 69, 113. 
Megs, Growers Ass’n of America, 


Vegetation, 66. 
Ventilation, 36, 93, 99. 
Vines, nominal value of, 23. 
Vitamins, 14. 
Washing, 103. 
atering, 36, 75, 93. 
Weeds, 78, 91. 
Western blight, 92. 
Wild forms, 10. 
Wilt resistant, 117. 
Winter blight, 92. 
Wiping, 103. 
Wire worms, 81. 
Wrappers, 99, 
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Books that 


will help you 


If you want up to date, reliable 
information on the best methods of 
raising fruits, flowers, vegetables, 
poultry, dairying or any other sub- 
ject pertaining to the Garden or 
Farm, write us; we can help you. 


We publish a long list of reference 
books which abound in helpful sug- 
gestions and money-making ideas. 
Wewill gladly answer all questions 
pertaining to books or suggest 
courses of reading to anyone inter- 
ested. No matter in what branch 
of farm or garden work you may 
be interested, these books will help 
you. They will show you how 
to raise bigger and better crops— 
better your condition—increase 
your efliciency—add toyourincome. 
Read and make your reading count. 


Catalog Free Send for ournew and elab- 


orately illustrated catalog, 
136 pages, 5x8 inches, containing detailed deseriptions of 
upward of 500 practical modern books covering every phase 
of gardening or farming. This will be mailed on application. 


ORANGE JUDD PUBLISHING COMPANY 
Founded 1836 
15 EAST 26th STREET NEW YORK, N. Y. 
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